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REVIEW 


Endocrine Regulation of the Oxidative Metabolism in 
Poikilothermic vertebrates 


B. B. P. Gupta and J. P. THapttyac! 


Environmental Endocrinology Lab., Dept. of Zoology, North-Eastern 
Hill University, Shillong-793 014, India 


INTRODUCTION 


Vertebrates have evolved a number of metabolic 
pathways to meet various requirements for suc- 
cessful survival. The oxidative metabolism is re- 
sponsible for cellular oxidation of metabolic subs- 
trates and generation of energy which is stored in 
the form of ATP. The entire process of the 
biological oxidation (oxidative metabolism) in- 
volves a number of enzymes, co-enzymes and 
metabolic substrates, and consumes oxygen at the 
mitochondrial level. Further, the amount of ener- 
gy produced is directly proportional to the amount 
of oxygen consumed. Therefore, the rate of ox- 
ygen consumption acts as an index of the metabolic 
rate/oxidative metabolism, and also reflects over- 
all physiological status of an organism. 

The metabolic rate (MR) of vertebrates depends 
on a number of external (environmental) and 
internal (physiological) factors, i.e., temperature, 
photoperiod, food, activity, body size and weight, 
age, sex, time of the day and month of the year, 
blood circulation and phylogeny etc. [1-3]. The 
neuroendocrine system plays an important role in 
the regulation of the metabolic rate. Hormones 
and neurohormones act at cellular and sub-cellular 
levels and alter the oxidative metabolism primarily 
by influencing the activities of enzymes of the 
oxidative pathways [4]. Central nervous system 
(CNS) and endocrine system interact with each 
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Colony 


other to different extents under different 
physiological/environmental conditions to meet 
the energy demand in the most suitable way [5-9]. 

A minimum metabolic rate operates even in the 
absence of physical performance, and is termed as 
obligatory, basal, maintenance or standard meta- 
bolic rate (SMR) [9]. SMR is essential to meet the 
minimum energy demand for vital processes like 
ventilation, circulation and the maintenance of 
ionic gradients across the cellular and sub-cellular 
membranes. Recent findings suggest that the 
metabolic reactions are nearly similar in all verte- 
brates with respect to the metabolic substrates, 
enzymes, co-factors, activators and inhibitors with 
few exceptions [10]. However, SMR is generally 
higher in homeotherms (birds and mammals) as 
compared to the _ poikilothermic vertebrates 
(fishes, amphibians and reptiles). A_ high 
homeothermic SMR is essential for maintaining 
relatively a constant body temperature. Poiki- 
lotherms are unable to maintain their body 
temperature that changes with ambient tempera- 
tures. The neuroendocrine system is involoved in 
metabolic regualtion in both homeotherms and 
poikilotherms [11-13]. In the present article, we 
have tried to give a brief account of the involve- 
ment of various hormones in the regulation of the 
oxidative metabolism of the poikilothermic verte- 
brates. - 


Thyroid hormones and the oxidative metabolism 


Notwithstanding variations in morphology. \oca- 


tion and organization of the thyroid gland in 
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different classes of vertebrates, the follicular struc- 
ture and function in relation to iodide metabolism 
and hormone synthesis as well as storage have 
been largely conserved. However, the same hor- 
monal molecules—triiodothyronine (T3) and thyr- 
oxine (T4)—produce a wide range of diverse 
biological actions. Thyroid hormones play a major 
role in the regulation of SMR of birds and mam- 
mals [5, 11, 12, 14-17]. These hormones are also 
essential for the calorigenic action of the catecho- 
lamines in mammalian species [5, 7, 11, 18]. 
However, unlike in the homeotherms, the calor- 
igenic function of the thyroid hormones in the 
poikilothermic vertebrates is not unequivocally 
accepted [8, 19-24]. 

In the last six decades, numerous attempts have 
been made to establish the calorigenic action of 
thyroid hormones in the ectothermic vertebrates. 
In the first few decades, a large number of investi- 
gators studied the effects of experimentally- 
induced hypo- and hyper-thyroidism on the meta- 
bolic rate of a large number of fishes, amphibians 
and reptilian species, and reported both positive 
and negative results. Several investigators have 
reported stimulation following administration of 
thyroid hormones and decrease in the respiratory 
rate following thyroidectomy (chemical/surgical/ 
radiological) in a number of piscine species [25- 
45]. In contrast to these reports, an equally large 
number of scientists could not find any effect of 
thyroid hormones and thyroidectomy on the SMR 
of many species of fishes [46-62]. Similarly, many 
workers could not find any change in the SMR of 
amphibian species following the administration of 
the thyroid hormones and thyroidectomy [63-70]. 
Further, both endogenous and exogenous thyroid 
hormones reportedly have no effect on the SMR of 
metamorphosing amphibian larvae [69, 71-74]. 
Notwithstanding these negative results, the re- 
spiratory rate has been found to be stimulated by 
thyroid hormones in many amphibians [75-80]. 
As in fishes and amphibians, even in reptiles a few 
early attempts made to stimulate the rate of ox- 
ygen consumption by thyroid hormones were not 
successful [26, 47, 81]. No satisfactory explanation 
was provided for the contradictory reports regard- 
ing the calorigenic effect of thyroid hormones in 
the poikilothermic vertebrates till late fifties when, 


for the first time, importance of acclimation 
temperature came to light [82]. The information 
that thyroid hormones are calorigenically effective 
only at comparatively high (at or above 25°C) and 
ineffective at low (20°C or below) temperatures in 
the lizard, Anolis carolinensis reopened the issue 
of the possible involvement of the thyroid gland in 
the energy metabolism of the ectotherms, and 
provided a strong base for further studies including 
review of the previously reported negative results 
[Selon 20s 23724 Solr 


Temperature-dependent calorigenic effect 
of thyroid hormones 


Most of the earlier investigations were carried 
out under controlled laboratory conditions, but no 
importance was given to the acclimation tempera- 
tures. As mentioned earlier, the decisive role 
played by the ambient temperature became evi- 
dent when the effects of thyroxine and thyroidec- 
tomy were studied on the respiratory rate of Anolis 
carolinensis at high and low temperatures [82]. 
Both administration of thyroxine and thyroidec- 
tomy were found to be effective in lizards main- 
tained at high (ecritic) temperature and ineffective 
at low temperature. Subsequently, temperature- 
dependent effects of thyroid hormones and thyr- 
oidectomy on the oxidative metabolism was con- 
firmed in Lacerta muralis |84|, Eumeces obsoletus 
[85], Eumeces faciatus [86], Sceloporus cyanogenys 
[87], and Natrix rhombifera [88]. Similarly, Tha- 
pliyal and co-workers have reported temperature- 
dependent stimulatory effect of thyroxine and in- 
hibitory effect of thyroidectomy on the respiratory 
rate of the whole body, liver and skeletal muscle of 
four tropical reptiles, i.e., Calotes versicolor, 
Hemidactylus flaviviridis, Natrix piscator, and 
Ptyas mucosus [83, 89, 91-100]. 

When acclimation temperature was considered, 
even in amphibians the temperature-dependent 
effect of thyroid hormones and thyroidectomy on 
the metabolic rate became evident. Thyroxine 
administration and thyroidectomy were found to 
be effective at higt temperatures and ineffective at 
low ambient temperatures in influencing the SMR 
of a number of amphibian species [101-106]. Re- 
cently, both in vivo and in vitro treatments with T3 
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and T, did not stimulate the oxygen consumption 
rate of liver and muscle tissues of the Indian 
streaked frog, Rana limnocharis exposed to a 
natural temperature of 15°C (during the hiberna- 
tion phase) and 21°C (during the post-hibernation 
phase) [107]. However, both T; and T, stimulated 
tissues respiration of the toad, Bufo melanostictus 
during the post-hibernation phase (25°C) but not 
during the hibernation phase (15°C) [108]. These 
findings suggest that the calorigenic effect of the 
thyroid hormones may vary with the species and 
temperatures. 

A strong correlation has been reported between 
the thyroid activity and the oxygen consumption 
rate in an air breathing siluroid fish, Heteropneustis 
fossilis [45]. In the same study, thyroxine adminis- 
tration increased and treatment with thiouracil 
decreased the rate of whole body oxygen consump- 
tion under both surfacing-allowed and surfacing- 
not allowed conditions. In a recent study, in vivo 
and in vitro administrations of T3; and T, did not 
stimulate the respiratory rate of liver and skeletal 
muscle tissues of an air breathing fish, Clarias 
batrachus maintained at 16°C [109]. This report 
again confirms the ineffectiveness of thyroid hor- 
mones at low temperature. 

It is, thus, apparent from the studies conducted 
at different temperatures that thyroid hormones 
are involved in the regulation of the oxidative 
metabolism of the ectotherms exposed to high 
(favourable) temperatures. Moreover, the calor- 
igenic ineffectiveness is conspicuous in all most all 
studies conducted at low ambient temperatures or 
during the hibernation phase (cold winter 
months). So far there is no information about the 
mechanism by which temperature influences the 
sensitivity of the oxidative pathways for thyroid 
hormones in the ectothermic vertebrates. Since 
temperature regulates a number of seasonal events 
(including activity, molt and reproduction) in 
poikilotherms, therefore, the calorigenic action of 
thyroid hormones in these vertebrates might be 
related to energy dependnet annual events [83, 
110}. 

In vitro stimulation of oxygen uptake of various 
tissues of fishes, amphibians and reptiles strongly 
suggests that thyroid hormones stimulate oxidative 
processe by acting directly at cellular and/or sub- 


cellular levels [8, 83]. This suggestion is further 
supported by a number of recent reports indicating 
that both T; and Ty stimulate a wide range of 
mitochondrial enzymes in a number of tissues 
(skeletal muscle, cardiac muscle, liver, gills, brain, 
kidney etc.) of fishes [40, 43, 111-113], amphi- 
bians [114-118], and reptiles [119-130]. Thyroid 
hormones are also involved in the regulation of the 
intermediary metabolism of the cold-blooded 
vertebrates [20, 23, 24, 89, 90, 105, 131-146]. 
Involvement of these hormones in both intermedi- 
ary and oxidative metabolisms seems to suggest 
that even the metabolic function of the thyroid 
gland has been conserved to a greater extent 
during the complex course of evolution. 

After monitoring the circulating level of thyrox- 
ine following administration of 200 ng T,4/g body 
weight in a lizard (Dipsosaurus dorsalis), John- 
Alder [119] concluded that in most of the earlier 
studies, pharmacological doses of thyroid hor- 
mones were used, therefore, the physiological 
significance of those studies remained doubtful. 
Further, these studies were conducted under simu- 
lated high and/or low temperatures, and no 
attempt was made to study the metabolic effects of 
thyroid hormones under natural climatic condi- 
tions with reference to the annual activity cycle. 
Therefore, we tried to understand the physiologic- 
al importance of thyroid hormones in the oxidative 
metabolism of the Indian garden lizard. Effects of 
thyroidectomy and administration of T, were stu- 
died on the respiratory rate of the whole body and 
tissues (liver, skeletal muscle, kidney and brain) of 
the euthyroidic and thyroidectomized lizards main- 
tained under natural temperatures and _photo- 
periods during every month (January to Decem- 
ber) of the year [83]. We also used a comparative- 
ly low dose of Ty (66 ng/g body weight) which has 
been found recently to be well within the physiolo- 
gical range [124—126, 130]. Findings of the study 
clearly suggest that the calorigenic effect of thyroid 
hormones is associated with the annual activity 
cycle, and seems to be independent of the annua! 
rhythm of temperature. Further, different tissues 
exhibit different annual sensitivity rhythms for 
thyroxine [83]. 

At present it is difficult to explain the exact 
mechanism responsible for the changes in sensitiv- 
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ity of tissues for Ty with the changing seasons. 
However, 
mitochondrial receptors, alterations in the binding 
sites on the receptor proteins, degree of saturation 
of receptors with the endogenous thyroid hor- 
mones, metabolic state of tissues, availability of 
substrates and energy demand, separately or in 
combination(s), might be responsible for the 
annual changes in tissue sensitivity for thyroxine. 
So far there is no information about the annual 
rhythms of tissues sensitivity for T3. Significant 
stimulation by a physiological dose of thyroxine 
and marked decrease following thyroidectomy in 
the respiratory rate of the whole body and tissues 
(liver and skeletal muscle) during the entire active 
phase (post-hibernation to pre-hibernation), when 
energy demand for various purposes (foraging, 
offence/deffence, courtship etc.) is high [147], 
strongly favour a physiological role of thyroid 
hormones in regulation of the oxidative metabol- 
ism of the lizard as suggested in earlier studies. 
Thyroidectomy is found to increase the tissue 
sensitivity for Ty [83]. This is further supported by 
the fact that thyroxine increases the SMR of the 
thyroidectomized but not of the euthyroidic lizards 
[124]. 

Implantation of T, to release physiological dose 
in the field active lizards has been reported to 
stimulate SMR, Vo max, running endurance and a 
number of oxidative enzymes [122, 123, 125, 130]. 
However, the same dose of implanted thyroxine 
could not increase the SMR of the captive lizards 
significantly. This might be probably due to the 
difference between the natural thermal range 
(23.6°C to 40.8°C) and the thermal range (19.3°C 
to 34.6 C) provided under captivity. Alternative- 
ly, stress-induced starvation and/or decreased 
muscular activity under captive condition might be 
responsible for the insignificant increase in the 
SMR. Starvation has been reported to decrease 
the thyroid hormone receptors in mammals [17]. 
Further, starvation also blocks the stimulatory 
effects of T3 and T, on the respiratory rate of liver 
and skeletal muscle in a frog, Rana limnocharis 
maintained at 28°C (Gupta, unpublished). Thus, 
in addition to other factors, low temperatures and 


changes in the nuclear and/or 


stress-induced starvation/anorexia also can negate 
the calorigenic effect of thyroid hormones in poiki- 


lothermic vertebrates. Now attempts should be 
made to define the mechanism that regulates sensi- 
tivity of the metabolic pathways for thyroid hor- 
mones in cold-blooded vertebrates. 


Mechanisms of calorigenic action of 
thyroid hormones 


Thyroid hormones have multiple sites of action 
within the body, even within a cell, and multiple 
mechanisms of action [17]. Three basic mechan- 
isms are reportedly involved in the calorigenic 
action of thyroid hormones in mammals [7, 17]. 
These are (i) rapid stimulation of mitochondrial 
respiration under coupled state [148-159], (ii) an 
increase in the total mitochondrial content of 
tissues [160-163], and (iii) an increase in the 
activity of membrane-bound enzyme Na*-K*- 
ATPase [164-171]. These mechanisms are not 
delineated, therefore, may operate simultaneous- 
ly. Further, it is also difficult to assess the relative 
contribution of each mechanism in mammalian 
calorigenesis. Thyroid hormones rapidly stimulate 
respiratory rate by acitng at mitochondria [17, 
157]. This suggestion is further supported by 
dissociation between nuclear receptor concentra- 
tion and stimulation of oxygen consumption in the 
neonatal rat brain, and also by the absence of 
mitochondrial thyroid hormone recptors in brain, 
testis and spleen—the tissues in which oxygen 
consumption is not stimulated by thyroid hor- 
mones [156]. Nuclear receptors of thyroid hor- 
mones are supposed to be involved in anabolic 
effects (growth, differentiation, maturation and 
cell maintenance) and prolonged calorigenesis [17, 
157]. So far only a few attempts have been made 
to investigate the calorigenic mechasnisms of thyr- 
oid hormones in the ectothermic vertebrates. In 
the Indian garden lizard a single dose of thyroxine 
produces eariy (within 1 hr) and delayed (after 24 
hr) stimulatory effects on the respiratory rate of 
the liver and skeletal muscle tissues [89]. While 
the early stimulatory effect of T, is blocked by 
ouabain (an inhibitor of Na*-K*-ATPase), man- 
itol (an inhibitor of Na* transport), and chlorom- 
phenicol (an inhibitor of mitochondrial protein 
synthesis), the delayed stimulatory effect of thyr- 
oxine on the tissues respiration is inhibited by 
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actinomycin D (an inhibitor of nuclear transcrip- 
tion) [172, Sharan, Gupta and Thapliyal, unpub- 
lished]. These findings suggest that even in the 
lower vertebrates, thyroid hormones stimulate the 
oxidative metabolism mainly by acitng at cell 
membrane, mitochondrial and nuclear levels. 
Now attempts should be made to find out the 
relative importance of these mechanisms in the 
cold-blooded animals with special reference to the 
ambient temperature and the phases of the annual 
activity cycle. 


Calorigenic action of gonadal hormones 


Gondal steroids play a major role in the de- 
velopment, growth, maturation and maintenance 
of the primary and secondary sex organs and sex 
characters in all vertebrates. In addition, sex 
hormones have also been reported to influence 
metabolism of some other tissues of homeotherms. 
In poikilotherms, gonadal hormones seem to be 
involved in the regulation of the metabolic rate [8, 
83, 107]. Administration of testosterone in males 
and estradiol in females is followed by stimulation 
of respiratory rate in a number of fishes [50, 60, 
109, 173-175]. In some of the fishes, hypophysec- 
tomy resulted in decreased metabolic rate, pre- 
sumably due to decreased levels of gonadal hor- 
mones [33, 176-178]. 

In a series of in vivo and in vitro experiments, 
Thapliyal and co-workers have reported significant 
increase in respiratory rates of vital tissues follow- 
ing administration of gonadal hormones, and re- 
duction in the respiratory rates following 
castration/ovarietomy in a number of reptilian 
species [92, 93, 95, 96, 98, 99, 129, 179, 180]. We 
have studied the role of testicular hormones in the 
regulation of oxidative metabolism of the Indian 
garden lizard in detail. In this extensive study, 
effects of testosterone and thyroxine administra- 
tion in intact, castrated and thyroidectomized 
lizards were recorded on the respiratory rates of 
the whole body and tissues (liver, muscle, kidney 
and brain) during all the twelve months of the year 
under natural climatic conditions [83]. In general, 
testosterone was found to be calorigenically more 
effective at low temperatures (during hibernation 
and early post-hibernation phases) where thyrox- 


The annual 
sensitivity rhythms of the tissues for testosterone 
were found to be different. Castration decreased 
the respiratory rate of the whole body, liver and 
brain significantly during the post-hibernation 
phase, and of the skeletal muscle and kidney 
during all the months except December and Janu- 
ary (hibernation phase). Testosterone administra- 
tion invariably reversed the ill-effect of castration 
on the oxygen consumption rate of the whole body 
and the tissues. Testosterone also reversed de- 
crease in the respiratory rate following thyroidec- 
tomy. Stimulation of respiratory rates of the whole 
body and tissues of the thyroidectomized lizards by 
testosterone strongly suggests a direct role of 
gonadal hormones in the energy metabolism of the 
lizards during the cold and non-breeding phase. 
Testosterone has been found to be calorigenic 
even at the simulated low temperature (15°C) 
where thyroxine failed in stimulating the oxygen 
uptake rate [95]. Calorigenic effect of gonadal 
hormones seems to be determined by the energy 
demand of various tissues. Recently testosterone 
has been reported to stimulate a number of 
mitochondrial enzymes in the liver of the Indian 
garden lizard [129]. 

In vivo and in vitro administration of testoster- 
one and estradiol in low doses also stimulate the 
respiratory rate of liver and skeletal muscle tissues 
of both the sexes of the Indian streaked frog, Rana 
limnocharis [107]. Testosterone is found to be 
more potent in males and estradiol in females. 
Gonadal hormones stimulate tissues oxygen con- 
sumption during both hibernation and _ active 
phases at low temperatures where both T; and T, 
do not stimulate respiration of the tissues following 


ine was calorigenically ineffective. 


both in vivo and in vitro administration [107]. 
Similarly, estradiol has been found to be calorige- 
nic in the liver and muscle tissues of the female 
toad, Bufo melanostictus following both in vivo 
and in vitro treatments irrespective of season 
activity phase [108]. Gonadal hormones have also 
been reported to exert significant effect on th 
intermediary metabolism and erythropotesis of the 
pokilothermic vertebrates [181-189]. Gonadal 


steroids are also involved in the calorigenic 
mechanism of birds [14—16, 190]. The mechanism 
of calorigenic action of gonadal hormones remains 
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to be worked out. Involvement of gonadal steroids 
in the oxidative metabolism of lower vertebrates, 
especially at low ambient temperatures, might be 
of great significance for the survival and successful 
breeding of these cold-blooded animals under di- 
verse climatic conditions [8, 83]. 


Calorigenic action of catecholamines 


Catecholamines (norepinephrine and epineph- 
rine) are synthesized and stored in the sympatho- 
adrenomedullary (SAM) system, and released 
under diverse physiological conditions, i.e., stress 
(emotional, physical and physiological), emergen- 
cy, danger etc. In addition to their effect on the 
cardio-vascular system, catecholamines invariably 
accelerate tissue respiration (non-shivering ther- 
mogenesis) in mammals. Both norepinephrine 
(NE) and epinephrine (EP) play a major role in 
the regulation of the oxidative metabolism of 
mammals exposed to low temperatures (191-201). 
The release of NE and EP is regulated as per 
erquirement by the central nervous system 
(hypothalamus) [5, 11, 202]. 

In poikilothermic vertebrates, calorigenic func- 
tion of the catecholamines is not well studied [203]. 
Both EP and NE are reported to play a significant 
role in the regulation of the intermediary metabol- 
ism of fishes [204-211], amphibians [212-217] and 
reptiles [139, 218-220]. In a limited number of 
earlier studies, catecholamines inhibited the whole 
body oxygen consumption of fishes [221-223]. 
However, notwithstanding these reports, in vivo 
and in vitro treatments with comparatively low 
doses of EP and NE stimulated significantly the 
respiratory rate of liver and skeletal muscle tissues 
of the fish, Clarias batrachus [109]. Similarly, 
adrenaline administration in the fish Anabas testi- 
duneus produces time- and dose-dependent sti- 
mulatory effect on activities of a number of oxiad- 
tive enzymes in the liver tissue [224]. Catechola- 
mones are also reported to stimulate the oxidative 
metabolism of amphibians [106-108, 225, 226] and 
reptiles [95, 203, 227]. In amphibians the relative 
potencies of EP and NE seem to vary with the 
species, tissues and seasons. In the Indian garden 
lizard, intra-muscular injection of adrenaline was 
found to be calorigenically more potent than 


noradrenaline in the euthyroidic lizards, however, 
both the hormones were equipotent in the thyr- 
oidectomized animals [227]. Furthre, the presence 
of thyroid is a pre-requisite for the calorigenic 
action of adrenaline in the garden lizard during the 
breeding phase [203]. 

Recently, administration of EP and NE have 
been reported to inhibit the resting metabolic rate 
(RMR) of Alligator mississipiens for about two 
hours and thereafter to stimulate the RMR which 
remains increased for many hours [220]. A large 
amount of ATP formed immediately after the 
intra-muscular injections of the catecholamines as 
a result of glycolysis has been found to be responsi- 
ble for the transient inhibition of the RMR. A 
similar mechanism might be responsible for the 
reported inhibition of fish oxygen consumption 
[221-223]. It is noteworthy that the calorigenic 
action of the catecholamines in fishes, amphibians 
and reptiles is independent of ambient tempera- 
ture and needs a very short lag period [107-109, 
203, 220]. Due to these reasons, catecholamines 
are supposed to act as emergency hormones for the 
regulation of the energy metabolism in the poiki- 
lothermic vertebrates [8, 13, 107-109, 203, 227]. 

The mechanisms of calorigenic action of 
catecholamines is well studied in mammals [200]. 
The catecholamines act throught a- and /- 
adrenergic receptors [228]. The binding of 
catecholamines to the adrenergic receptors stimu- 
lates production of cAMP which activates a pro- 
tein kinase. The cAMP-stimulated protein kinase 
phosphorylates and_ stimulates lipase which 
accelerates mobilization of free fatty acids (FFA). 
Then FFA are converted to acyl carnitine and acyl 
Co A. The increased levels of FFA stimulate 
proton conductance in the inner mitochondrial 
membrane. Finally, the increased proton conduct- 
ance accelerates oxidation of acyl carnitine and 
results in increased rate of mitochondrial oxygen 
consumption. Thus, the catecholamines stimulate 
oxidative metabolism of mammals by accelerating 
mobilization as well as oxidation of FFA and 
involve cAMP as a second messenger. As in 
mammals, EP and NE also mobilize FFA in the 
ectothermic vertebrates [139, 204, 229-232]. In- 
direct evidences suggest that even in poikilotherms 
the catecholamine hormones stimulate oxygen 
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consumption by stimulating oxidation of FFA 
[203]. In addiition, EP and NE may also influence 
energy metabolism by their action on glycogenoly- 
sis and electron transport chain [203, 211, 218, 
224]. 


Calorigenic effects of corticosteroids 


The adrenal gland has evolved both structurally 
and functionally during the course of evolution. In 
homeotherms, corticosteroids are functionally di- 
vided into two groups—glucocorticoids and 
mineralocorticoids. However, a functional clas- 
sification of the cortical hormones is not possible in 
the lower vertebrates where various corticoids 
share overlapping functions [233]. Glucocorticoids 
are reported to stimulate the oxidative metabolism 
in mammals by their action on oxidative enzymes 
and the electron transport directly. They also 
support the calorigenic action of other metabolic 
hormones [5, 11, 234, 235]. An intact and normal- 
ly functioning adrenal cortex is essential for nor- 
mal thermoregulation at low temperatures [5, 
236]. Unlike in mammals, there is scarcity of 
information regarding the calorigenic function of 
corticoid hormones in lower vertebrates [233]. In 
the Indian garden lizard, corticosterone adminis- 
tration had no effect on the whole body oxygen 
consumption in any season. However, depending 
on the season (activity phase) and thyroidal status, 
it may stimulate, inhibit or produce no effect on 
respiratory rate of liver, muscle, kidney and brain 
[203]. Corticosterone seems to be calorigenic in 
aquatic (fish) and semiaquatic (amphibians) verte- 
brates where corticosteroids are involved in the 
energy-dependent osmoregulatory mechanisms. 
Corticosterone stimulates respiratory rate of liver 
and muscle tissues of a fish [109], a frog [107] and a 
toad [108]. Hydrocortisone stimulates cytochrome 
oxidase activity in the liver of Calotes versicolor in 
a dose-dependent manner [237]. The calorigenic 
effect of corticoid hormones has been found to be 
rapid and temperature independent. There are 
many reports which suggest that adrenocortical 
hormones play an important role in the regulation 
of intermediary metabolism in cold-blooded verte- 
brates [238-244]. Corticosterone-induced increase 
in the respiratory rate might be associated with 


energy consuming anabolic processes, mobiliza- 
tion and oxidation of FFA, and osmoregulation. 
The question, whether corticosteroids influence 
the oxidative metabolism of ectothermic verte- 
brates directly or indirectly by playing a permissive 
role to support the calorigenic actions of other 
hormones (as reported in mammals), remains to 
be answered. Further attempts should be made to 
study effects of corticosteroid hormones on activi- 
ties of enzymes associated with the oxidative path- 
ways and energy-dependent osmoregulatory pro- 
cess. 


Melatonin in calorigenesis 


It has been suggested that photoperiod, acting 
via pineal gland, is capable of influencing energy 
metabolism and thermoregulation in mammals and 
birds [9]. Short photoperiods and melatonin admi- 
nistration increase the behavioral thermoregula- 
tion as well as non-shivering thermogenesis, and 
also. improve the thermogenic capacity of 
homeotherms [245-253]. However, it is not clear 
whether melatonin affects the oxidative metabol- 
ism directly or potentiates the calorigenic effects of 
catecholamines [247, 254, 255]. There are a few 
indications that melatonin can influence metabolic 
rate of mammals also by affecting thyroid activity 
[256]. There is scarcity of information on the role 
of pineal and melatonin in the energy metabolism 
of the ectothermic vertebrates. There is practically 
no information on the metabolic effect of melato- 
nin in any fish. The role of the pineal complex in 
thermoregulation of amphibians and reptiles is not 
clear [255, 256]. Effect of parietalectomy in the 
frog, Rana temporaria reported at different 
temperatures is inconsistent [257, 258]. Some of 
the findings suggest that interactions between 
temperature and photoperiod, depending on the 
circannual phase, produce varied effects on the 
amphibian metabolic rate [257, 259, 260]. Howev- 
er, there is complete lack of information regarding 
effects of melatonin and pinealectomy on the 
oxidative metabolism and/or thermo-regulation o! 


amphibians. 

The pineal complex, however, seems to be in- 
volved in the thermoregulation of lizards |261- 
263]. In general, parietalectomy is reported to 
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increase [264] and pinealectomy to decrease the 
body temperature of lizards [265-267]. These 
reports suggest that the pineal complex mediates 
both behavioral and physiological thermoregula- 
tion through the CNS (hypothalamus) involving 
neuroendocrine mechanisms [268]. The precise 
role of the pineal complex in the regulation of the 
reptilian energy metabolism remains to be investi- 
gated. Ina series of reports, photoperiod has been 
found to influence the body temperature of the 
European green lizard, Lacerta viridis [269-272]. 
In this lizard, short photoperiods and administra- 
tion of melatonin reduce body temperature. Since 
the environmental light-dark cycle not only acts as 
a “Zeitgeber” (time keeper) but also provides the 
main source for behavioral thermoregulation, 
therefore, the thermoregulatory effect of photo- 
period via pineal complex is supposed to be of 
adaptive significance. The precise mode of mela- 
tonin action in the poikilothermic metabolism re- 
mains practically unknown. 


Summary and Conclusions 


The oxidative metabolism of poikilothermic 
vertebrates is regulated by a complex neuro- 
endocrine mechanism. Hormones of thyroid, 
gonads, adrenal and pineal are actively involved in 
the regulatory process. Recent reports, based on 
carefully designed experiments, unequivocally and 
strongly suggest that thyroid hormones play a 
leading role in the metabolic regulation of lower 
vertebrates during the active phase. The calorige- 
nic action of thyroid hormones seems to depend 
largely on the energy demand associated with 
physical and/or physiological activities of the 
animals. In addition to temperature, hormones 
associated with feeding and fasting seem to in- 
fluence the calorigenic action of these hormones. 
The precise mechanism, which regulates metabolic 
action of T3; and Ty at cellular level, remains 
unknown. Indirect evidences suggest that the 
calorigenic action of these hormones might be 
regulated by receptors of thyroid hormones and/or 
inducibility of the oxidative enzymes which are 
influenced by a number of external and internal 
factors. 

The involvement of gonadal steroids and the 


pineal complex, which are controlled mainly by the 
circadian and circannual variations in day-lenghth 
(photoperiod), seems to synchronize and couple 
the annual cycles of energy metabolism and breed- 
ing phase to ensure successful and timely repro- 
duction. Stimulation of the respiratory rate by 
gonadal steroids at low temperatures probably 
ensures timely emergence from hibernation, and 
also helps in calorigenesis during the active phase 
in the event of sudden drop in environmental 
temperature. 

Adrenal hormones in general and catechola- 
mines in particular act as emergency hormones for 
the regulation of calorigenesis in ectotherms. 
Catecholamines (NE & EP) accelerate respiratory 
rate of all tissues instantly irrespective of seasons 
and environmental temperatures. There is scarcity 
of information on the calorigenic action of corti- 
costeroid hormones in lower vertebrates. 

On the basis of the available information, it can 
be concluded that the oxidative metabolism of 
pokilothermic vertebrates is regulated by a neuro- 
endocrine mechanism having three major compo- 
nents—(i) thyroid hormones (regulated primarily 
by temperature), (ii) Hormones of gonads and 
pineal (controlled mainly by environmental light), 
and (iii) sympatho-adrenomedullary system (reg- 
ulated by the central nervous system). While the 
first two components govern strategies for long 
term energy production associated with the annual 
events, the third component seems to ensure rapid 
but transient energy production under emrgency/ 
life-threatening situations. It is, thus, apparent 
that the cold-blooded vertebrates possess an en- 
dogenous mechanism which regulates energy 
metabolism efficiently according to energy demand 
and ensures successful survival even at the ever- 
changing body temperature. 


ACKNOWLEDGMENTS 


Financial assistance provided by the Univeristy Grants 
Commission and the Council of Scientific and Industrial 
Research, New Delhi is gratefully acknowledged. 


REFERENCES 
1 Prosser, C. L. (1973) In “Comparative Animal 


13 


14 


15 


17 


18 


20 


Hormones and ectothermic Metabolic Rate 


Physiology”. Ed. by C. L. Prosser, W. B. Saunders 
Co., Philadelphia, London, Toronto, 3rd Ed., pp. 
165-206. 

Coulson, R. A. (1986) Comp. Biochem. Physiol., 
84A: 217-229. 

Bennet, A. F. (1988) Amer. Zool., 28: 699-708. 
Darnell, J., Lodish, H. and Baltimore, D. (1986) 
In “Molecular Cell Biology”. Scientific American 
Books, Inc., New York, pp. 859-910. 

Gale, C. C. (1973) Ann. Rev. Physiol., 35: 391- 
430. 

Horwitz, B. A. (1979) Fed. Proc., 38: 2147-2149. 
Himms-Hagen, J. (1983) In “Mammalian Thermo- 
genesis”. Ed. by L. Girardier and M. Stock, Chap- 
man and Hall, London, pp. 141-177. 

Thapliyal, J. P. and Gupta, B. B. P. (1983) In 
“Recent Trends in Life Sciences“. Ed. by A. 
Gopalakrishna, S. B. Singh and A. K. Saxena, 
Manu Publication, Kanpur, pp. 260-275. 
Heldmaier, G., Klaus, S., Wiesinger, H., Fried- 
rich, U. and Wenzel, M. (1989) In “Living in the 
Cold II”. Ed. by A. Malan and B. Canguilhem, 
John Libbey Eurotext Ltd., pp. 347-358. 
Coulson, R. A., Herbert, J. D. and Coulson, T. D. 
(1989) Amer. Zool., 29: 921-934. 

Jansky, L. (1973) Biol. Rev., 48: 85-132. 
Thapliyal, J. P., Lal, P., Gupta, B. B. P. and 
Sharan, S. (1983) Gen. Comp. Endocrinol., 49: 
333-343. 

Gupta, B. B. P. (1987) In “Proc. First Congress of 
the Asia and Oceania Society for Comparative 
Endocrinology”. Ed. by E. Ohnishi et al., Nagoya 
University Corporation (Printing Section), 
Nagoya, Japan, pp. 265-266. 

Thapliyal. J. P., Pati, A. K. and Gupta, B. B. P. 
(1982) Gen. Comp. Endocrinol., 48: 84-88. 
Thapliyal, J. P., Lal, P., Pati, A. K. and Gupta, B. 
B. P. (1983) Gen. Comp. Endocrinol., 51: 444- 
453. 

Gupta, B. B. P. and Thapliyal, J. P. (1984) Gen. 
Comp. Endocrinol., 56: 66-69. 

Ingbar, S. H. (1985) In “Williams Text Book of 
Endocrinology”. Ed. by J. D. Wilson and D. W. 
Foster, W. B. Saunders Co., Philadelphia, pp. 
682-815. 

Fregly, M. J., Field, F. P., Katovich, M. J. and 
Barney, C. C. (1979) Fed. Proc., 38: 2162-2169. 
Gorbman, A. (1969) In “Fish Physiology”. Ed. by 
W. S. Hoar and D. J. Randal, Academic Press, 
New York, Vol. 2, pp. 241-274. 

Lynn, W. G. (1970) In “The Biology of the 
Reptilia”. Ed. by C. Gans and T. S. Pearsons, 
Academic Press, New York, Vol. 3, pp. 201-234. 
Sage, M. (1973) Am. Zool., 13: 899-905. 
Leibson, L. G. and Plisetskaya, E. M. (1973) In 


to 
ws) 


24 


633 


“Intern. Encycloped. Pharm. Therap”. Ed. by M. 
Michelson, Sect. 85, pp. 625-685. 

Eales, J. G. (1979) In “Hormones and Evolution”. 
Ed. by E. J. W. Barrington, Academic Press, New 
York, Vol. I, pp. 341-436. 

Rosenkilde, P. (1979) In “Hormones and Evolu- 
tion”. Ed. by E. J. W. Barrigton, Academic Press, 
New York, Vol. I, pp. 437-491. 

Smith, H. W. (1930) J. Biol. Chem., 88: 97-130. 
Haarman, W. (1936) Arch. Exptl. Pathol. Pharma- 
kol. Naunyn-Schmiedberg’s 180: 167-182. 

Smith, D. C. and Mathews, S. A. (1947) Anat. 
Record 99: 593. 

Smith, D. C. and Mathews, S. A. (1948) Am. J. 
Physiol. 153: 215-221. 

Jones, R. W., Gibson, W. C. and Nicholls, C. Jr. 
(1951) Anat. Record 111: 509. 

Osborn, P. E. (1951) Progr. Fish Cult., 13: 75-80. 
Zaks, M. G. and Zamkova, M. A. (1952) Dokl. 
Akad. Nauk. USSR., 84: 1101-1103. 

Miller, J. (1953) Z. Vergl. Physiol., 35: 1-12. 
Chavin, W. and Rossmoore, H. W. (1956) Anat. 
Record 125: 599. 

Hopper, A. F. (1959) Growth 23: 13-19. 
Mohsen, I. and Godet, R. (1960) Nature (London) 
185: 108. 

Pritchard, A. W. and Gorbman, A. (1960) Biol. 
Bull., 119: 109-119. 

Wolf, E. C. and Wolf, J. (1964) In “The Thyroid 
Gland”. Ed. by R. Pitt-Rivers and W. R. Trotter, 
Butterworths, London, Vol. I, p. 237. 

Sage, M. (1965) Gen. Comp. Endocrinol., 5: 706- 
707. 

Sage, M. (1968) Gen. Comp. Endocrinol., 10: 
304-309. 

Massey, B. D. and Smith, C. L. (1968) Comp. 
Biochem. Physiol., 25: 241. 

Ruhland, M. (1969) Experientia 25: 944-945. 
Ruhland, M. (1971) Can. J. Zool., 49: 423-425. 
Leray, C., Bonnel, A., Febreve, A., Vallet, F. and 
Pic, P. (1970) Ann. Endocrinol., 33: 567-572. 
Gabos, M., Pora, E. A. and Race, L. (1973) Studii 
se Cercetari de Bioogie 25: 39-43. 

Pandey, B. N. and Munshi, J. S. D. (1976) J. 
Endocrinol., 69: 421-425. 

Horton, F. M. (1934) J. Exp. Biol., 11: 257-261. 
Drexler, E. and von Issekutz, B. (1935) Arch. 
Exp. Pathol. Pharmakol., 177: 435-441. 

Root, R. W. and Etkin, W. (1937) Proc. Soc. Exp 
Biol. Med., 37: 174-175. 

Etkin, M. N., Root, R. W. and Mofshin, B. D. 
(1940) Physiol Zool., 13: 415-429. 
Hasler, A. D. and Meyer, R. K. (1942) 
Zool., 91: 391-404. 


Exp. 


634 


7g 


80 


Smith, D. C. and Everett, G. M. (1943) J. Exp. 
Zool., 94: 229-240. 

Punt, A. and Jungbloed, J. (1945) Arch. Nearl. 
Zool., 7: 1-15. 

Leach, W. J. (1946) Physiol. Zool., 19: 365-374. 
Mathews, S. A. and Smith, D. C. (1947) Physiol. 
Zool., 20: 161-164. 

Matty, A. J. (1954) J. Marine Biol. Assoc. U. K., 
33: 689-697. 

Matty, A. J. (1957) J. Endocrinol., 15: 1-8. 
Baraduc, M. M. (1954) c. r. hebd. Seane. Soc. 
Biol. Paris 151: 393-405. 

Suhrmann, R. (1955) Biol. Zbl., 74: 432-448. 
Fromm, P. O. and Reineke, E. P. (1956) J. Cell 
Comp. Physiol., 48: 393-404. 

Hoar, W-S) (1958) Gans Je Zool-; 362113=121, 
Thornburn, C. C. and Matty, A. J. (1963) Comp. 
Biochem. Physiol., 1: 1-12. 

Klieka, J. (1965) Physiol. Zool., 38: 177-179. 
Gayda, T. (1922) Arch. Physiol. ,20: 267-285. 
von Issekutz, B., Tukats-Leinzinger, M. and von 
Issekutz, A. M. (1943) Arch. Exptl. Pathol. Phar- 
makol. Naunyn-Schmiedberg’s 201: 334-345. 
Lynn, W. G. and Wachowsky, H. E. (1951) Quart. 
Rev. Biol., 26: 123-168. 

Galton, V. A. and Ingbar, S. H. (1962) Endocri- 
nology 70: 622-632. 

Dodd, J. M. and Matty, M. J. (1964) In “The 
Thyroid Gland”. Ed. by R. Pitt-Rivers and W. R. 
Trotter, Butterworths, London, Vol. I, pp. 303- 
356. 

Thornburn, C. C. and Matty, A. J. (1964) J. 
Endocrinol., 28: 213-217. 

Marusic, E., Martinez, R. and Torretti, J. (1966) 
Proc. Soc. Exp. Biol. Med., 122: 164-167. 
Tayler, K:. E. and Barker, S: B. (1967) Gen. 
Comp. Endocrinol., 9: 129-134. 

Etkin, W. (1934) Physiol. Zool., 7: 129-148. 
Fletcher, K. and Mayant, N. B. (1959) J. Physiol., 
145: 353-368. 

Lewis, E. J. C. and Frieden, E. (1959) Endocrinol- 
ogy 65: 273-282. 

Funkhouser, A. and Mills, K. S. (1969) Physiol. 
Zool., 42: 22-28. 

Taylor, A. (1939) J. Exp. Zool., 81: 135-146. - 
Warren, M. R. (1940) J. Exp. Zool., 83: 127-159. 
Barch (1954-1955) Cited in “Comparative Endoc- 
rinology”. Ed. by A. Gorbman, John Wiley and 
Sons, Inc., New York/London, 1959, p. 279. 
Donoso, A. O. and Trivelloni, J. C. (1958) Rev. 
Soc. Arg. Biol., 34: 46-52. 

Jankowsky, H. O. (1960) Z. Vergl. Physiol., 43: 
392-410. 

Jenkin, P. M. (1962) In “Animal Hormones—A 


81 
82 


83 
84 
85 
86 
87 


88 


89 


90 


91 


92 


95 


94 


95 


96 


il 


98 


99 


100 


101 
102 


103 


104 


105 


106 


B. B. P. Gupta AND J. P. THAPLIYAL 


Comparative Survey”, Oxford-Pergamon Press, 
Part I, pp. 167-185. 

Scott, A. H. (1935) Am. J. Physiol., III: 105-117. 
Maher, M. J. and Levedahl, B. H. (1959) J. Exp. 
Zool., 140: 169-189. 

Gupta, B. B. P. and Thapliyal, J. P. (1985) Gen. 
Comp. Endocrinol., 58: 20-27. 

Maher, M. J. (1961) Amer. Zool., 1: 461. 
Maher, M. J. (1964) Endocrinology 74: 994-995. 
Maher, M. J. (1965) Gen. Comp. Endocrinol., 5: 
320-325. 

Wilhoft, D. C. (1966) Gen. Comp. Endocrinol., 7: 
445-451. 

Turner, J. E. and Tipton, S. R. (1972) Gen. 
Comp. Endocrinol., 18: 98-101. 

Thapliyal, J. P. (1980) In “Hormones, Adaptation 
and Evolution”. Ed. by S. Ishii, M. Wada and T. 
Hirano, Japan Sci. Soc. Press, Tokyo/Springer- 
Verlag, Berlin, pp. 241-250. 

Thapliyal, J. P. (1980) In “Proc. Natl. Acad. Sci. 
India, Golden Jubilee Comemmoration Volume”, 
pp. 531-540. 

Chandola, A., Kumar, D. S. and Thapliyal, J. P. 
(1973) VII Conf. Euro. Comp. Endocrinol., 
Budapest (Abstract). 

Chandola, A., Kumar, D. S. and Thapliyal, J. P. 
(1974) J. Endocrinol., 61: 285-291. 

Thapliyal, J. P., Chandola, A. and Kumar, D. S. 
(1974) J. Endocrinol., 63: 419-420. 

Gupta, B. B. P. (1982) Ph. D. Thesis, Banaras 
Hindu University, Varanasi, India. 

Thapliyal, J. P. and Gupta, B. B. P. (1984) Indian 
J. Exp. Biol., 22: 179-181. 

Chandola, A., Kumar, D. S. and Thapliyal, J. P. 
(1974) J. Endocrinol., 63: 191-199. 

Kumar, D. S., Oommen, O. V. and Thapliyal, J. 
P. (1974) In “Proc. Internatl. Union Physiol. Sci. 
XI”, New Delhi (Abs.). 

Thapliyal, J. P., Kumar, D. S. and Garg, R. K. 
(1974) Gen. Comp. Endocrinol., 22: 308-311. 
Thapliyal, J. P., Kumar, D. S. and Oommen, O. 
V. (1975) Gen Comp. Endocrinol., 26: 100-106. 
Kar, I., Thapliyal, J. P. and Singh, R. (1989) Arch. 
Biol. (Bruxelles) 100: 1-6. 

Maher, M. J. (1967) Copeia 1967(2): 361-365. 
McNabb, R. A. (1969) Gen. Comp. Endocrinol., 
12: 276-281. 

Packard, G. C., Packard, M. J. and Stiverson, R. 
K. (1974) Gen. Comp. Endocrinol., 22: 195-198. 
Packard, G. C. and Packard, M. J. (1975) Gen. 
Comp. Endocrinol., 27: 162-168. 

Rosenkilde, P. (1981) In “Proc. 9th Gunma Symp. 
Endocrinology”, Maebashi, Japan. 

Gupta, B. B. P. and Chakrabarty, P. (1988) In 


107 


108 


109 


110 


111 


112 


113 


114 


131 


Hormones and ectothermic Metabolic Rate 


“Proc. Symp. Recent Trends in Comparative En- 
docrinology”, March 11-13, Varanasi, India. 
Gupta, B. B. P. and Chakrabarty, P. (1990) Indian 
J. Exp. Biol., 28: 23-26. 

Gupta, B. B. P. and Deka-Borah, H. (1991) Indi- 
an J. Exp. Biol., (In press). 

Gupta, B. B. P. (1988) In “Proc. Natl. Symp. 
Current Status of Gen. Comp. Endocrinol.”. 
November, 25-27, Delhi, India, pp. 70-71. 
Barrington, E. J. W. (1975) In “An Introduction to 
General and Comparative Endocrinology”. 
Clarendon Press, Oxford, pp. 147-185. 
Shivakumar, K. and Jayaraman, J. (1984) Arch. 
Biochem. Biophys., 233: 728-735. 

Leloup, J. and Luze, A. D. (1985) In “The 
Endocrine System and the Environment”. Ed. by 
B. K. Follett, S. Ishii and A. Chandola, Springer- 
Verlag, Berlin, pp. 23-32. 

Peter, S. M. C. and Oommen, O. V. (1987) J. 
Reprod. Biol. Comp. Endocrinol., 7: 53-60. 
Lagerspetz, K. Y. H., Harri, H. N. E. and Okslar- 
ti, R. (1974) Gen. Comp. Endocrinol., 22: 169- 
176. 

Brucker, R. F. and Cohen, P. P. (1976) J. Biol. 
Chem., 251: 6161. 

Lagerspetz, K. Y. H. (1977) J. Therm. Biol., 2: 
223-231. 

Goto, Y., Amuro, N. and Shukuya, R. (1982) 
Biochim. Biophys. Acta 719: 102-109. 

Sutharam, K. K., Peter, S. M. C. and Oommen, O. 
V. (1990) Gen. Comp. Endocrionol., 79: 246-252. 
John-Alder, H. B. (1983) Amer. J. Physiol., 244: 
R659-R666. 

John-Alder, H. B. (1984) J. Comp. Physiol., 154B: 
409-419. 

John-Alder, H. B. (1984) J. Exp. Biol., 109: 175- 
189. 

John-Alder, H. B. (1986) Amer. Zool., 26: 23A. 
John-Alder, H. B. (1988) Amer. Zool., 28: 43A. 
John-Alder, H. B. (1990) Gen. Comp. Endocri- 
nol., 77: 52-62. 

John-Alder, H. B. (1990) Physiol. Zool., 63: 600- 
614. 

John-Alder, H. B. and Joos, B. (1991) 
Comp. Endocrinol., 81: 120-132. 

Begum, K. A., Behera, H. N. and Patnaik, B. K. 
(1984) Gen. Comp. Endocrinol., 53: 402-409. 
Sham, J. S. K., Chiu, K. W. and Pang, P. K. T. 
(1987) Amer. Zool., 27: 121-131. 

Oommen, O. V. and Sreedeviamma, K. K. (1988) 
Gen. Comp. Endocrinol., 69: 391-398. 

Joos, B. and John-Alder, H. B. (1990) Physiol. 
Zool., 63: 873-885. 

Hanke, W. (1974) In “Chemical Zoology” Ed. by 
M. Florkin and B. T. Scheer, Academic Press, New 


Gen. 


140 


141 


142 


143 


144 


145 


146 


147 


148 


149 


150 


151 


152 


153 


154 
155 


635 


York and London, pp. 123-159. 
Thapliyal, J. P., Gupta, S. C. and Garg, R. K. 
(1974) J. Endocrinol., 60: 517-524. 
Narayansingh, T. and Eales, J. G. (1975) Comp. 
Biochem. Physiol., 52: 407. 

Packard, G. C. and Randall, J. G. (1975) J. Exp. 
Zool., 191: 365-370. 

Thapliyal, J. P. and Gupta, S. C. (1975) Endoeri- 
nol. Exptl., 9: 73-76. 

Gupta, S. C., Thapliyal, J. P. and Garg, R. K. 
(1975) Gen. Comp. Endocrionol., 27: 223-229. 
Eales, J. G. (1990) In “Progress in Comparative 
Endocrinology”, Willey-Liss, Inc., pp. 415-420. 
Chiu, K. W. (1982) In “Phylogenetic Aspects of 
Thyroid Hormone Action”, Ed. by Inst. Endocri- 
nol., Gunma University, Acad. Publ., Tokyo, pp. 
107-122. 

Gupta, S. C. and Thapliyal, J. P. (1982) J. Endoc- 
rinol., 94: 333-338. 

Plisetskaya, E., Woo, N. Y. S. and Murat, J. C. 
(1983) Comp. Biochem. Physiol., 74A: 179-187. 
Kuhn, E. R. Darras, V. M. and Gevaerts, H. 
(1985) In “The Endocrine System and the Environ- 
ment”. Ed. by B. K. Follett, S. Ishii and A. 
Chandola, Japan. Sci. Soc. Press, Tokyo/Springer- 
Verlag, Berlin, pp. 55-69. 

Chiu, K. W., Sham, J. S. K., Maderson, P. F. A. 
and Zucker, A. (1986) Comp. Biochem. Physiol., 
84A: 345-351. 

Dickhoff, W. W. and Sullivan, C. (1987) Amer. 
Fish Soc. Symp., 1: 197-210. 

Gapp, D. A. (1987) In “Fundamentals of Compa- 
rative Vertebrate Endocrinology”, Ed. by I. Ches- 
tro-Jones, P. M. Ingleton and J. G. Phillips, Ple- 
num Press, New York, pp. 623-660. 

Hilton, J. W., Plisetskaya, E. M. and Leatherland, 
J. F. (1987) Fish Physiol. Biochem., 4: 113-120. 
Chiu, K. W. and Woo, N. Y. S. (1988) J. Therm. 
Biol., 13: 179-184. 

Gupta, B. B. P. and Thapliyal, J. P. (1986) Proc. 
Indian Acad. Sci. (Animal Sci.), 95: 403-410. 
Buchanan, J. and Tapley, D. F. (1966) Endocri- 
nology 79: 81-89. 

Buchanan, J., Primack, M. P. and Tapley, D. F. 
(1970) Endocrinology 87: 993-999. 

Buchanan, J. L.., Primack, M. P. and Tapley, D. 
F. (1971) Endocrionology 89: 534-537. 

Primack, M. P., Tapley, D. F. and Buchanan, J. 
(1972) Endocrinology 91: 840-844. 

Primack, M. P. and Buchanan, J. L. (1974) Endoc- 
rinology 95: 619-620. 

Sterling, K. and Milch, P. O. (1975) Proc 
Acad. Sci. U. S. A., 72: 3225-3229. 
Tata, J. R. (1975) Nature 257: 18-23. 
Sterling, K., Milch, P. O., Brenner, M 


Natl. 


A. and 


636 


177 


179 


180 


181 


182 


Lazaras, J. H. (1977) Science 197: 996-998. 
Sterling, K., Lazaras, J. H., Milch, P. O., Sakur- 
ada, T. and Brenner, M. A. (1978) Science 201: 
1126-1129. 

Sterling, K., Brenner, M. A. and Sakurada, T. 
(1980) Science 210: 340-342. 

Shears, S. B. (1980) J. Theor. Biol., $2: 1-13. 
Triandafillou, J., Gwilliam, C. and Himms-Hagen, 
J. (1982) Can. J. Biochem., 60: 530-537. 

De Leo, T., De Meo, S., Barletta, A., Martino, G. 
and Goglia, F. (1976) Pfligers Arch., 366: 73-77. 
Nishiki, K., Erecinska, M., Wilson, D. F. and 
Cooper, S. (1978) Amer. J. Physiol., 235: C212- 
C219. 

Courtright, J. B. and Fitts, R. H. (1979) Horm. 
Metabol. Res., 11: 304-306. 

Wooten, W. L. and Cascarano, J. (1980) J. 
Bioenergetics Biomembranes 12: 1-12. 
Ismail-Beigi, F. and Edelman, I. S. (1970) Proc. 
Natl. Acad. Sci. U.S.A., 67: 1071-1078. 
Ismail-Beigi, F. and Edelman, I. S. (1971) J. Gen. 
Physiol., 57: 710-722. 

Edelman, I. S. (1974) New Engl. J. Med., 290: 
1303-1308. 

Edelman, I. S. (1976) Fed. Proc., 35: 2180-2184. 
Folke, M. and Sestoft, L. (1977) J. Physiol., 269: 
407-419. 

Biron, R., Burger, A., Chinet, A., Clausen, T. and 
Dubois-Ferriére, R. (1979) J. Physiol., 297: 47-60. 
Ismail-Beigi, F., Bissell, D. M. and Edelman, I. S. 
(1979) J. Gen. Physiol., 73: 369-383. 

Smith, T. J. and Edelman, I. S. (1979) Fed. Proc., 
38: 2150-2153. 

Sharan, S. S. (1983) Ph. D. Thesis, Banaras Hindu 
University, Varanasi, India. 

Raffy, A. and Fountaine, M. (1930) c. r. Soc. Biol. 
(Paris) 104: 287-288. 

Stanley, L. L. and Tescher, G. L. (1931) Endocri- 
nology 15: 55-56. 

Mann, H. (1939) Zool., Anz., 127: 315-318. 
Hanson, R. C. and Stanley, J. G. (1970) Comp. 
Biochem. Physiol., 33: 871-879. 

Johanson, P. H. and Gomery, J. D. (1973) Can. J. 
Zool., 51: 1289-1291. 

Chan, D. K. O. and Woo, N. Y. S. (1978) Gen 
Comp. Endocrinol., 35: 160-168. 

Oommen, O. V. (1980) J. Anim. Morphol. Phy- 
siol., 27: 124-131. 

Oommen, O. V. (1981) Comp. Physiol. Ecol., 6: 
95-98. 

Rao, C. A. P. and David, G. F. X. (1967) Gen. 
Comp. Endocrinol., 9: 27. 

Follett, B. K. and Redshaw, M. R. (1968) J. 
Endocrinol., 40: 436. 


183 


WS 


194 


195 


196 


197 


198 


199 


200 


201 


202 


203 


204 


205 


206 


B. B. P. Gupta AND J. P. THAPLIYAL 


Kaur, R. J. and Thapliyal, J. P. (1975) Gen. 
Comp. Endocrinol., 27: 203-208. 

Thapliyal, J. P., Gupta, S. C. and Garg, R. K. 
(1975) J. Endocrinol., 65: 333-339. 

Wiegand, M. D. and Peter, R. E. (1980) Comp. 
Biochem. Physiol., 66A: 323. 

Lone, K. P. and Matty, A. J. (1980) Gen. Comp. 
Endocrionol., 40: 409-424. 

Sinha, R. C. (1982) Experientia 38: 1066-1067. 
Pati, A. K. and Thapliyal, J. P. (1984) Gen. 
Comp. Endocrinol., 53: 370-374. 

Sreedeviamma, K. K. and Oommen, O. V. (1987) 
J. Reprod. Biol. Comp. Endocrinol., 7: 13-20. 
Feurbacher, I. and Prinzinger, R. (1981) Comp. 
Biochem. Physiol., 70A: 247-250. 

Cannon, B. (1971) Eur. J. Biochem., 23: 125-135. 
Horowitz, J. M. (1972) In “Bioenergetics”. Ed. by 
R. E. Smith, J. P. Hannon, J. C. Shields and B. A. 
Horwitz, Proc. Internatl. Symp. Environ. Physiol., 
Dublin, pp. 115-121. 

Leblanc, J., Lafrance, L., Villemaire, A., 
Roberge, C., Valliéres, J. and Rousseau, S. (1972) 
In “Bioenergetics”. Ed. by R. E. Smith, J. P. 
Hannon, J. C. Shields and B. A. Horwitz, Proc. 
Internatl. Symp. Environ. Physiol., Dublin, pp. 
71-76. 

Leblanc, J., Labrie, A., Lupien, D. and Richard, 
D. (1982) Can. J. Zool., 60: 783-787. 
Himms-Hagen, J. (1975) In “Handbook of Phy- 
siology”. Ed. by S. R. Geiger, Amer. Physiol. 
Soc., Washington D. C., Sect. 7, Vol. VI, pp. 637- 
665. 

Himms-Hagen, J. (1976) Ann. Rev. Physiol., 38: 
315-351. 

Himms-Hagen, J. (1990) FASEB J., 4: 2890-2898. 
Steiner, G. (1973) In “The Pharmacology of Ther- 
moregulation”. Ed. by P. Lomax and E. Schon- 
baum, Karger, Basel, pp. 42-46. 

Horwitz, B. A. (1979) Fed. Proc., 38: 2170-2176. 
Nicholls, D. G. and Locke, R. M. (1984) Physiol. 
Rev., 64: 1-64. 

Ellison, G. T. H. and Skinner, J. D. (1990) Comp. 
Biochem. Physiol., 97A: 23-26. 

Marques, P. R., Illner, P., Williams, D. D., 
Green, W. L., Kendall, J. W., Davis, S. L., 
Johanson, D. G. and Gale, C. C. (1981) Am. J. 
Physiol., 241: E420-E427. 

Gupta, B. B. P. and Thapliyal, J. P. (1983) J. 
Endocrinol., 99: 211-216. 

Larssons, A. L. (1973) Gen. Comp. Endocrinol., 
20: 155-167. 

Dashow, L. and Epple, A. (1983) J. Comp. 
Physiol., 152: 35-41. 

Ottolenghi, C., Puviani, C., Gavioli, E. and 
Brighenti, L. (1985) Gen. Comp. Endocrinol., 59: 


207 


Hormones and ectothermic 


219-229. 

Janssens, P. A. and Lowrey, P. (1987) Amer. J. 
Physiol. , 252: R653-R660. 

Perry, S. F. and Vermette, M. G. (1987) J. Exp. 
Biol., 128: 235-253. 

Sheridan, M. A, (1987) Endocrinology 120: 2234- 
2239. 

Mommsen, T. P., Walsh, P. J. Perry, S. F. and 
Moon, T. W. (1988) 70: 63-73. 

Danulat, E. and Mommsen, T. P. (1990) Gen. 
Comp. Endocrinol. , 78: 12-22. 

Danforth, W. H., Helmreich, E. and Cori, C. F. 
(1962). 

Herman, C. A. (1977) Gen. Comp. Endocrinol., 
32: 321-329. 

Farrar, E. S. and Frye, B. E. (1979) Gen. Comp. 
Endocrionol., 39: 372-380. 

Janssens, P. A., Caine, A. G. and Dixon, J. E. 
(1983) Gen. Comp. Endocrinol., 49: 477-484. 
Janssens, P. A., Kleineke, J. and Caine, A. G. 
(1986) J. Endocrinol., 109: 75-84. 

Janssens, P. A. and Griggs, J. A. (1984) Comp. 
Biochem. Physiol., 77: 403-408. 

Coulson, R. A. and Hernandez, T. (1979) Comp. 
Bichem. Physiol., 64C: 115-121. 

Coulson, R. A. and Hernandez, T. (1983) In 
“Alligator Metabolism: Studies on Chemical Reac- 
tions in vivo”, Pergamon Press, Oxford. 

Coulson, R. A. and Hernandez, T. (1986) Comp. 
Biochem. Physiol., 84A: 673-676. 

Smith, D. C. and Mathews, S. A. (1942) Am. J. 
Physiol. , 137: 553. 

Banerjee, S. and Joshi, S. C. (1981) Indian J. Exp. 
Biol., 19: 982-983. 

Akbarsha. M. A. (1984) J. Reprod. Biol. Comp. 
Endocrinol., 4: 34. 

Ignatius, J. and Oommen, O. V. (1987) Indian J. 
Exp. Biol., 25: 613-617. 

Harri, M. and Hadenstam, R. (1972) 
Biochem. Physiol., 41A: 409-419. 
Farrar, E. S. and Frye, B. E. (1977) Gen. Comp. 
Endocrinol., 33: 76-81. 

Gupta, B. B. P. and Thapliyal, J. P. (1985) Indian 
J. Exp. Biol., 23: 241-243. 

Mohell, N., Nedergaard, J. and Cannon, B. (1983) 
Euro. J. Pharmacol., 93: 183-193. 

Farkas, T. (1967) Progr. Biochem. Pharmacol., 3: 
314. 

Farkas, T. (1969) Acta Biochim. Biophys. Acad. 
Sci. (Hung.) 4: 237-249. ; 
Lipshaw, L. A., Patent, J. G. and Foa, P. P. (1972) 
Horm. Metab. Res., 4: 34. 

Perrier, H., Perrier, C., Gudefin, Y. and Gras, J. 
(1972) Comp. Biochem. Physiol., 43A: 341. 
Hanke, W. (1990) In “Progress in Comparative 


Comp. 


239 


240 


241 


242 


243 


244 


245 


246 


254 


Metabolic Rate 637 
Endocrinology”, Wiley-Liss, Inc., pp. 445-452. 
Bottoms, G. and Goetsch, D. D. (1968) Endocri- 
nology 10: 310-314. 

Deavers, D. R., Musacchia, X. J. and Meininger, 
G. A. (1978) J. Therm. Biol., 3: 93. 

Deavers, D. R. and Musacchia, X. J. (1979) Fed. 
Proc., 38: 2177-2181. 

Prasannakumar, K. and Oommen, O. V. (1988) 
Indian J. Exp. Biol., 26: 125-128. 

Inui, Y and Yokote, M. (1975) Bull. Jpn. Soc. Sci. 
Fish. , 41: 973-981. 

Callard, I. P. and Callard, G. V. (1976) In “Gener- 
al, Comparative and Clinical Endocrinology of the 
Adrenal Cortex”. Ed. by I. Chester-Jones and I. 
W. Henderson, Academic Press, London/New 
York, Vol. Il, pp. 291-418. 

Chan, D. K. O. and Woo, N. Y. S. (1978) Gen. 
Comp. Endocrionol., 35: 205-215. 

Leach, G. J. and Taylor, M. H. (1982) 
Comp. Endocrionol., 48: 76-83. 

Barton, B. A., Schreck, C. B., Ewing, R. D., 
Hammingson, A. R. and Patino, R. (1985) Gen. 
Comp. Endocrionol., 59: 468-471. 

Vijayan, M. M. and Leatherland, J. F. (1989) Can. 
J. Zool., 67: 2746-2750. 

Hanke, W., Lange, C. and Weindel, K. (1990) In 
“Biology and Physiology of Amphibians”. Ed. by 
W. Hanke, G. Fischer Verlag, Stuttgart/New 
York, (in press). 

Ralph, C. L., Firth, B. T. Gern, W. A. and Owens, 
D. W. (1979) Biol. Rev., 54: 41-72. 

Heldmaier, G., Steinlechner, S., Rafel, J. and 
Vsiansky, P. (1981) Science 212: 917-919. 
Heldmaier, G., Steinlechner, S., Ruf, T., Wiesin- 
ger, H. and Klingenspor, M. (1989) J. Biol. 
Rhythms 4: 251-265. 

Hall, E. S. and Lynch, G. R. (1985) Life Sci., 37: 
783-788. 

Holtorf, A. P., Heldmaier, G., Thiele, G. and 
Steinlechner, S. (1985) J. Pineal Res., 2: 393-403. 
Heldmaier, G. and Lynch, G. R. (1986) Pineal 
Res. Rev., 4: 97-139. 

McElroy, J. F. and Wade, G. N. (1986) Physiol. 
Behav., 37: 307-311. 

Saarela, S. and Heldmaier, G. (1987) 
Physiol., 157B: 625-633. 

Puchalski, W., Bulave, S. J., Lynch, C. B. and 
Lynch, G. R. (1988) Physiol., Behav., 42: 173- 
Fi. 

McElroy, J. F., Mason, P. W., Hamilton, J. M. 
and Wade, G. N. (1986) Amer. J. Physiol., 250: 
R383-R388. 


Gen. 


J. Comp. 


Viswanathan, M., Hissa, R. and George, J. C. 
(1986) Life Sci., 38: 73-79. 
Lewinski, A., Webb, S. M. and Reiter, R. J. 


638 


264 


(1987) Pineal Res. Rev., 5: 69-94. 

Kashbohm, P. (1967) Halgol. Wissen. Meerunter- 
such., 16: 157-178. 

Chugunov, Y. D. and Kispov, K. A. (1969) Dok- 
lady Biol. Sci., 187: 596-597. 

Hutchison, V. H. and Kohl, M. A. (1971) Z. 
Vergl. Physiol., 75: 367-382. 

Dunlop, D. G. (1989) Comp. Biochem. Physiol., 
94A: 519-523. 

Hutchison, V. H. and Kosh, R. J. (1974) Oecolo- 
gia 16: 173-177. 

Engbretson, G. A. and Hutchison, V. H. (1976) J. 
Exp. Zool., 198: 29-38. 

Bartholomew, G. A. (1982) In “Biology of Repti- 
lia”. Ed. by C. Gans and F. H. Pough, Academic 
Press, London/New York, Vol. 12, pp. 167-212. 
Stebbins, R. C. (1960) Copeia 1960: 276-286. 


265 


266 


267 


268 


269 


270 


271 


M2 


B. B. P. Gupta AND J. P. THAPLIYAL 


Roth, J. J. and Ralph, C. L. (1976) J. Exp. Zool., 
198: 17-28. 

Ralph, C. L., Firth, B. T. and Turner, J. S. (1979) 
Am. Zool., 19: 273-293. 

Firth, B. T., Mouldin, R. E. and Ralph, C. L. 
(1988) Physiol. Zool., 61: 176-185. 

Phillips, J. A. and Howes, K. A. (1988) Physiol. 
Behav., 42: 103-108. 

Rismiller, P. D. and Heldmaier, G. (1982) Oecolo- 
gia 53: 222-226. 

Rismiller, P. D. and Heldmaier, G. (1985) Physiol. 
Zool., 58: 71-79. 

Rismiller, P. D. and Heldmaier, G. (1987) J. 
Therm. Biol., 12: 131-134. 

Rismiller, P. D. and Heldmarier, G. (1988) Oeco- 
logia 75: 125-131. 


ZOOLOGICAL SCIENCE 8: 639-651 (1991) 


© 1991 Zoological Society of Japan 


REVIEW 


The Origin of Japanese Dogs and their Association 
with Japanese People 


YUICHI TANABE! 


Department of Animal Science and Technology, Faculty of Agriculture 


y 


Gifu University, Yanagido, Gifu 501-11, Japan 


Short History of Domestication of Animals 
with Emphasis on Dogs 


Most relationships between man and _ the 
domesticated animals are commensalism, meaning 
a close association or union between two species of 
organisms, in which one is benefitted by the rela- 
tionship and the other is neither benefited nor 
harmed, but it is not a parthnership, meaning that 
in which both are mutually benefited, except in 
two cases: that of the dog and the cat (see for 
reviews: Mason [1] and Tanabe [2]). 

Dogs (Canis familiaris) are the oldest domesti- 
cated animal in the preagricultural age, and were 
domesticated between 14,000 and 12,000 before 
present (BP) [3]. However, the earliest archaeolo- 
gically dated (ca. 35,000-—38,000 BP) evidence for 
the presence of domesticated dogs comes from the 
Douara Cave near Palmyra in Syria [4]. Dogs are 
believed to have derived solely from wolves (Canis 
lupus) [5, 6, 7]. 

Man also domesticated reindeers (Rangifer 
tarandus) in the early preagricultural age (15,000 
BP), and sheep (Ovis aries), goats (Caprqa hir- 
cus), pigs (Sus domesticus) shortly before the 
preagricultural age. Cattle (Bos taurus) and chick- 
ens (Gallus gallus domestica) were domesticated 
shortly after the start of agronomic agriculture (ca. 
10,000 BP) [1, 2]. 
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Pigeons (Columba livia), camels (Camerus bact- 
lianus, Camerus dromedarius), lamas (Lama gla- 
ma), alpacas (Lama pacos), buffaloes (Bubalus 
bubalus), honey bees (Apis mellifera, Apis cera- 
na), silk worm moths (Bombix mori), Asian 
elephants (Elephas maximus), cats (Felis cattus), 
guinea pigs (Cavia porcellus), geese (Anser domes- 
ticus), ducks (Anas platyrhinchos), msucovy ducks 
(Cairina moschata), turkeys (Meleagris gallopavo), 
guinea fowls (Numida meleagris) and yaks (Bos 
gruniens) were domesticated in the prehistorical 
and early historical periods after the establishment 
of agriculture. Most of then were domesticated in 
the Old World, except lamas, alpacas, guinea pigs, 
muscovy ducks and turkeys, which were domesti- 
cated in the New World [1, 2]. 

Mice (Mus musculus) and Norway rats (Rattus 
norvegicus) encountered man in the early agri- 
cultural age, and have been parasite animals for a 
long time. However, a large number of them have 
been domesticated and have been used as ex- 
perimental animals in biology and medicine [2]. 

In the historical age, a few wild animals were 
domesticated; i.e. rabbits (Oryctolagus cuniculus) 
for meat production in France, Japanese quail 
(Coturnix coturnix japonica) for egg production in 
Japan, minks (Mustela vison) and foxes (Vulpes 
vulpes) for fur production in U.S.A., Canada and 
USSR [}. 2]. 

Interestingly, a few animals had been domesti- 
cated and became commensalism animal, but have 
been abandoned by man later. Two of examples of 
them are African elephants (Loxodonta africanus) 
and cheetas (Acinonyx jubatus) [{1, 2]. 
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Although man has regarded animals around him 
as a source of food and raw materials, the domes- 
tication of the dog continued an exception, as man 
and dog joined to form a hunting team in the 
preagricultrual age. In this sense, the relationship 
man and dog can be called partnership but not 
commensalism which is commonly observed be- 
tween man and other domesticated animals [8]. 

Dogs always migrated with man since the 
ancient ages. The evidence suggests that it is 
possible to trace the route of migration of man by 
tracing the route of dog populations in the prehis- 
toric ages. 


Blood Protein Polymorphisms of Dogs 


Findings of polymorphisms in blood proteins 
including enzymes (isozymes) in various demosti- 
cated animals have enabled us to elucidate the 
genetic relationships of the breeds or populations 
of the animals. 

Blood samples were taken by us from the foreleg 
vein of 3,632 individual dogs including (a) 20 
Eskimo dogs (pedigreed); (b) one Korean native 


breed (pedigreed): 229 Jindo dogs, and one Ko- 
rean local population: 125 Chejudo dogs; (c) ten 
Japanese native breeds or varieties (pedigreed): 
119 Hokkaido, 240 Akita, 108 Kai, 81 Kishu, 90 
Shikoku, 70 Akita Shiba, 206 Shinshu Shiba, 113 
Mino Shiba, 65 San’in Shiba and Ryukyu (103 
Yanbaru, and 30 Ishigaki) dogs, and eight 
Japanese local populations: Mie hunting dogs (30 
in Shima and 19 in Nanto), 83 Tsushima, 40 Iki, 45 
Tanegashima, 38 Yakushima, 92 Amamioshima, 
71 Okinawahonto and 20 Iriomotejima; (d) 144 
Taiwan native dogs and three Chinese origin 
breeds (pedigreed): 20 Chin, 10 Chow Chow and 
18 Pug; (e) 15 European breeds (pedigreed): 33 
Shetland Sheepdogs, 73 Malteses, 16 Poodles, 22 
Collies, 64 Pointers, 26 Boxers, 28 Yorkshire 
Terriers, 74 German Shepherds, 19 English Set- 
ters, 20 Cooker Spaniels, 27 Pomeranians, 14 
Dalmatians, 20 Doberman Pinuschers, 18 Dach- 
shunds and 412 Beagles; (f) 3 Russian breeds 
(pedigreed): 34 Laikas, 27 Middle Asian Sheep- 
dogs and 27 Caucasian Sheepdogs; (g) 60 Bang- 
ladesh native dogs. 

Blood was centrifuged at 3,000 rpm for 10 min. 


TABLE 1. Genetic variations in the 16 blood proteins or enzymes, and the made of inheritance. 
proteins or enzyme Locus Allele Reference 
Protein 
Plasma albumin (Alb) Alb’ =Alb® [12] 
Plasma postalbumin (Poa) POG) nOG Ode [13] 
Plasma postalbumin-3 (Poa-3) Poa-3° = Poa-3” [14] 
Plasma prealbumin-1 (Pa-1) Pa-1* =Pa-1” [14] 
Plasma transferrin (Tf) ea TPP = fear a (12, 15] 
Plasma pretransferrin (Ptf) Ege SSP e [16] 
Erythrocyte hemoglabin (Hb) Toe —el [17] 
Enzyme 

Plasma alkaline phosphatase (Akp) Akp* =Akp?=Akp© [13] 
Plasma esterine resistant esterase (Es) BS Ss ldS = /B5° [18] 
Plasma leucine aminopeptidase (Lap) (Lap = iLap [19] 
Erythrocyte acid phosphadase (Pac) (Bare = Ig” [19] 
Erythrocyte esterase-2 (Es-2) [EGP SBD” [13] 
Erythrocyte esterase-3 (Es-3) JIGS JESS” [13] 
Erythrocyte glucose phosphate isomerase (GPI) GPI* =GPI” [21] 
Erythrocyte tetrazolium oxydase (To) om Non [22] 
Erythrocyte gangliside monooxygenase (Gmo) Gmo*® >Gmo* [11] 


A=B indicates that A and B are codominant alleles. 


A>B indicates that A is a dominant allele and B is a recessive one. 
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The erythrocyte fraction was washed twice with 
isotonic saline. The plasma and cell fractions were 
stored separately at —80°C until use. Horizontal 
starch gel electrophoresis for enzymatic proteins 
[9], horizontal polyacrylamide gradient gel elec- 
trophoresis for non-enzymatic proteins [10], and 
thin layer chromatography for ganglioside 
monooxygenase [11] were used to detect elec- 
trophoretic and biochemical variations of proteins 
in plasma and erythrocytes. 

Genetic variations were observed in six loci 
composed of seven non-enzymatic proteins: plas- 
ma albumin (A/b), plasma postalbumin (Poa), 
plsma postalbumin-3 (Poa-3), plasma prealbumin- 
1 (Pa-1), plasma transferrin (7f), plasma pretrans- 
ferrin (Ptf) and hemoglobin (Hb), and nine en- 
zymatic proteins: plasma alkaline phosphatasa 
(Akp), plasma eserine resistant esterase (Es), plas- 
ma leucine aminopeptidase (Lap), erythrocyte 
acid phosphatase (Pac), erythrocyte esterase-2 
(Es-2), erythrocyte esterase-3 (Es-3), erythrocyte 
glucose phosphate isomerase (GP/), erythrocyte 
tetrazolium oxidase (7o) and ganglioside monoox- 
ygenase (Gmo). On the other hand, no genetic 
variations were found at 11 loci controlling three 
non-enzymatic proteins: plasma _ postalbumin-2 
(Poa-2), plasma prealbumin-2 (Pa-2) and plasma 
slow-a2 macroglobulin (@) and eight enzymatic 
proteins: plasma amylase (Amy), plasma eterase- 
fast (Es-f), erythrocyte adenylate kinase (Ak), 
erythrocyte esterase-fast (Cell-Es-f), erythrocyte 
glucose-6-phosphate dehydrogenase (G-6-PD), 
erythrocyte lactate dehydrogenase-A and -B 
(LDH-A and LDH-B) and erythrocyte leucine 
aminopeptidase (Cell-Lap). The mode of inheri- 
tanse of all the polymorphisms loci are given in 
TABLE 1. 


Description of Native Dog Breeds and Populations 
in Japan and Its Adjacent Areas 


In Japan, there are 11 indigenous dog breeds or 
varieties (pedigreed) [23, 24]: the Hokkaido dog is 
a medium-sized breed, body height being 40-55 
cm, orignating from Hokkaido Island, and used to 
be called the Ainu dog because it was kept by 
Ainu. The Akita dog is a large-sized breed, body 
height being 58-70cm, originating from Akita 


Prefecture. The Kai dog is a medium-sized breed, 
body height being 40-50 cm, originating from 
Yamanashi Prefecture, and characterized by the 
brindle coat color. The Kishu dog is a medium- 
sized breed, body height being 46-55 cm, originat- 
ing from Wakayama Prefecture. The Shiba dog is 
a small-sized breed, body height being 35-41 cm, 
and consisting four local varities, i.e. Shinshu 
originating from Nagano Prefecture and a major 
variety spreading all over Japan; San’in is a minor 
one living in Tottori and Shimane Prefectures, 
Mino is a minor one, living in Gifu Prefecture, and 
Akita originaing mainly eastern parts of Japan and 
belonging to Shiba-Inu Preservation Association at 
Omagari in Akita Prefecture, and characterized by 
the very shallow-stopped face. The Shikoku is a 
medium-sized breed, body height being 46-52 cm, 
originating Kochi Prefecture in Shikoku Island. 
The Ryukyu dog is a medium-sized breeds, origi- 
naitng from Nago-shi and Yanbaru district in 
northern Okinawahonto and a similar one is in 
Ishigaki Island, and both are characterized by the 
brindle coat color. There are eight local popula- 
tions of indegenous dogs in Japan. Five of them 
are living in the Ryukyu or Nansei Islands: Tane- 
gashima, Yakushima, Amamioshima, Okinawa- 
honto (middle and southern’ regions) and 
Iriomotejima. Two of them are living in the two 
islands existing between Japan and Korea: Iki and 
Tsushima. The final two are living in the Shima 
peninsula and Nanto-machi in the south-east coast 
of the Kishu peninshula, and are called Mie hunt- 
ing dogs (Shima and Nanto). 

There are four indigenous dog populations in 
the mountain area of Taiwan [25]; Atyl (north), 
Bunun (middle), Rukai (south) and Ami (east). 
The dogs were named after the names of tribes 
living in the area. Data from these dog popula- 
tions were combined, because the genetic differ- 
ences among the populations were small. 

The Jindo dog is a medium-sized breed, and is 
the only one registered as a Korean native breed, 
originating from Jindo Island. We took blood 
samples from 210 pedigreed dogs on Jindo Island 
and 19 pedigreed ones in Seoul [25]. there are 
indigenous dog populations in Chejudo Island 
[25]. We took blood samples of Eskimo dogs 
(pedigreed) in Obihiro Zoo and adjacent areas, 


642 Y. TANABE 


and also from the indigenous dogs in Bangladesh 
[26, 27]. 

The blood samples from three Chinese origin 
dog breeds (the Chow Chow, the Chin and the 
Pug; all pedigreed), and 15 European dog breeds 
(pedigreed) were collected from various institu- 
tions, Universities and veterinary hospitals in 
Gifu, Nagoya and Tokyo in Japan. The blood 
samples of three Russian dog breeds (pedigreed) 
were collected in Novosibirsk, USSR. 


O 8 OL 


Genetic Relationships of Dogs with Emphasis 
on Asian and Japanese Dogs 


The genetic relationships among the dog breeds, 
with special reference to Asian dog breeds includ- 
ing Japanese dog breeds, were studied by bioche- 
mical polymophisms of the blood detected by 
electrophoretic and chemical analyses. The inten- 
tion was elucidate the origin of Japanese native 
dogs with an emphasis on their migration routes 
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and their association with Japanese people [12,14, 
24, 28, 29]. 

The most prominent differences of gene fre- 
quency among the dog breeds or populations were 
obsereved in Hb and Gmo variations. Hb* was 
found only in Asian breeds or populations, but not 
in European breeds and Russian breeds. Distribu- 
tion of Hb alleles among the Asian dog breeds or 
populations is shown in Figure 1. The data clearly 
show the gene flow of Hb* from the Korean 


Tsushima Shiba dog 
dogs 


peninsula into the Japanese Islands. A similar 
tendency was found in the genes of Gmo. Gmo 
was also found only in Asian breeds or popula- 
tions, but not in European breeds and Russian 
breeds. Distribution of Gmo alleles among the 
Asian dog breeds or populations is shown in Figure 
2. This Figure also shows the gene flow of Gmo* 
from the Korean peninsula into the Japanese Is- 
land except Hokkaido. 

Poa-3* is a predominant allele in the European 
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breeds, but the frequency of Poa-3° is higher in 
the Asian breeds or populations than the Euro- 
pean breeds. Distribution of Poa-3 alleles among 
the Asian dog breeds or populations is shown in 
Figure 3. This Figure also shows the gene flow of 
Poa-3® from the Korean peninsula into the 
Japanese islands. Similar tendencies were observ- 
ed in the gene frequencies in Poa, Alb, Tf, Es, 
Es-2, GPI, and Pac polymorphisms among the dog 
breeds or populations examined in this study. 
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An apperent cline in the Péf locus is observed in 
dog breeds or populations. Pzrf4 predominates in 
the Eskimo, the Russian, the Europian, the 
Chinese origin and the Jindo (Korean) dogs, and is 
intermediate in most of the Japanese dogs in 
Honshu, but low in the Ryukyu, the Iriomote and 
the Hokkaido dogs in Japan, and the Bangladesh 
native dogs. Distribution of Péf alleles among the 
Asian dog breeds populations is shown in Figure 4. 

In order to summarize data of allele frequencies 
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over variable loci, a principal component analysis 
(PCA) based on the variance-covariance matrix 
computed from the frequencies was conducted 
[Methodology references: 30, 31]. 

A scatter diagram of relative positions of the 46 
dog breeds or populations plotted on the basis of 
the Ist and 2nd principal component scores is 
illustrated in Figure 5. These two components 
account for 44.9% of the total variance. This 
figure clearly show the existence of the two close 
relationships among some Japanese breeds or 
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pupulations of the Hokkaido, the Ryukyu (Yan- 
baru and Ishigaki), the Iriomote and the Yakushi- 
ma dogs, and a close relationship smong the Ko- 
rean native breed (the Jindo) or population (the 
Chejudo), and some of Japanese native breeds and 
poulations such as the San’in Shiba, the Akita, the 
Mie hunting dogs in Shima and the Tsushima dogs 
Further, there is a close relationship among the 
Taiwan native dogs, the Chinese origin dogs (the 
Chin, the Pug and the Chow Chow), and the 
Mino-Shiba and the Shikoku. It can be postulated 
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that there were at least two waves of the gene flow 
of dogs into Japan: the first was from southeast 
Asia through Ryukyu and/or Taiwan to the whole 
of the Japanese islands including Hokkaido, and 
the second was from the Korean peninsula to the 
Japanese main islands except Hokkaido. 

It is interesting that a close relationship also was 
observed between the Hokkaido dog (the Ainu 
dog), which lives in the far-northen portion of 
Japan, and the Ryukyu dog, which lives in the 
far-southern portion of Japan. The gene constitu- 
tion of the Hokkaido dog is different from most of 
the other Japanese dog breeds or populations 
except some dogs groups including the Ryukyu, 
the Iriomote, and the Yakushima dogs. Forth- 


ermore, a close relationship was observed between 
the gene constitution of the Chejudo dogs and 
some Japanese dog groups such as the San’in Shiba 
dog, the Tsushima dogs, and the Akita dog. The 
position of the Eskimo dog is far from all the other 
dogs, but some close relationship was observed to 
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the Russian dog breeds, i.e. the Laika and the 
Caucasian Sheepdog. 

To simplify the data, dog breeds or populations 
used in the study were placed in seven groups: 1. 
Japanese native dogs (1, 556 dogs), 2. Korean 
native dogs (354 dogs), 3. Taiwan native dogs (144 
dogs), 4. Bangladesh native dogs (60 dogs), 5. 
Chinese origin dogs (64 dogs), 6. European dogs 
(953 dogs), 7. Russian dogs (93 dogs) and 8. 
Eskimo dogs (20 dogs). The relative positions of 
the eight dog breed groups were defined by the 
first (Z1), second (Z2) and third (Z3) largest 
principal components of distance matrix based on 
variance-covariance analysis (Figure 6). These 
three components account for 87.2% of the total 
variance. In Figure 6, it is clear that the Japanese 
native dogs are located between a combined group 
of the Taiwan native dogs and the Chinese origin 
dogs, and a group of the Korean native dogs, while 
the position of the European dogs and the Russian 
dogs is also nearer, whereas those of the Bang- 
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ladesh native dogs and of the Eskimo dog are 
farther from the Japanese native dogs. 

From the results descrived above, it is post- 
ulated that the Hokkaido (Ainu) and the Ryukyu 
dog breeds are descended from an old type of the 
Japanese dog which was brought 10,000-—12,000 
years ago to Japan by the Jomonese who came 
from southeast Asia through Ryukyu islands. The 
other Japanese native breeds are descendants of 
the hybrid between the old type of the Japanese 
dogs and the Korean origin dogs which were 
brought 1,700—2,300 years ago by Yayoi migrants 
who came though the Korean peninsula. 

The genetic distance between the Japanese na- 
tive dogs and the Korean native dogs is farther 
than that between the Japanese native dogs and a 
combined group of the Taiwan native dogs and the 
Chinese origin dogs, suggesting that the numbers 
of an old types of the Japanese dog which was of 
southern origin, were larger than those of new 
comers from the Korean peninsula. 


Cranial and Other External Studies on Dogs 
in Japan and Its Adjacent Areas 


Archaeological evidence suggested that the cul- 
tuer of dog keeping, which was initiated 9,500 
years ago at the earliest stage of the Jomon period, 
was brought into Japan from South China or 
somewhere else in southern parts of East Asia, and 
the Yayoi culture beginning 2,300 years ago, 
brought another group or groups of dogs into 
Japan through the Korean peninsula [32, 33]. 

A remarkable difference was observed in skull 
morphology between the dogs in the late Jomon 
period (ca. 3,500 years ago) and the dogs in the 
Middle age (13th Century) in Japan [34]. The 
former had flat or very shallow stops and the latter 
had deep stops (Figure 7). Dog skulls found in the 
Kuwanae remains in Oita Prefecture in Kyushu 
(aging ca. 2,000 years, the middle of the Yayoi 
perid) had deep stops [35] and showed a close 
affinity to dog skulls found in the Uenongigiseori- 
pohang remains in North Korea (aging 2,500- 
3,000 years). These skulls had deep stops [36], and 
were quite different from dog skulls found in many 
shell mounds in the Jomon period (2,500-10,000 
years ago), where the skulls of the dog had flat or 


Fic. 7. 


Skulls of dogs in ancient age in Japan. Top to 
down, a skull at Shuridai-shell mound in Chiba-shi, 
ca. 3,500 BP, the late Jomon period; at Hamaizumi- 
cho in Iwate prefecture, ca 3,500 BP, the late Jomon 
period; at Chibachihigashi Kamakura-shi, ca. 800 
BP (AD 1,200); Ibid., Courtesy of Mr. Hiromasa 
Kaneko [34]. 


very shallow stops [37], indicating the introduction 
of a new type dog with deep stops into the Kyushu 
district of Japan from the Korean peninsula during 
the Yayoi period. 

There are breed differences in the incidence of 
tongue spots. The incidence is about 30% in the 
Taiwan native dogs and 23.3% in the Ryukyu dog 
in Ishigaki, while is very low in the Jindo (1.9%) 
and the Chejudo (2.4%) dogs, and the values of 
Japanese native breeds varied between those of 
Taiwan and Korean dogs, i.e. the Hokkaido: 
88.5%, the Akita: 1.4%, the Kai: 35.5%, the 
Kishu: 4.1%, the Shinshu Shiba: 0.7%, the San’in 
Shiba: 64.5%, the Mino Shiba: 19.1%, and the 
Shikoku: 21.8% [23, 25, 38]. 

It can be concluded that the main body of 
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Japanese native dogs was established by the cross- 
breeding between the older dogs brought from the 
southern area of East Asia and the newer dogs 
introduced from the northern part of the Asian 
Continent via the Korean peninsula. 


Anthoropology and Epidemiology of Japanese 
and Its Parasitic Organisms 


Hanihara [39, 40, 41] showed the close affinities 
in cranial features between Ainu and the ancient 
Japanese in the Jomon period (Jomonese), and 
between the modern Japanese in Honshu, Korean 
and the ancient Japanese in the west and middle 
parts of Japan in the Yayoi period. 

The genes controlling earwax and the blood 
protein polymorphisms of the modern Japanese 
people including Ainu and the people in adjacent 
areas in Asia, show similarities between Ainu and 
the people living in Southeast Asia, and between 
the Japanese living in Honshu and the Korean [42, 
43}. 

The wild mice in the north Japan (Hokkaido and 
northern-half of Tohoku distinct) are close in the 
restriction of their mitochondorial DNA to those 
of Southeast Asia including Taiwan, and those of 
west, middle and southeast Japan (Honshu, except 
northern-half of Tohoku distinct, Shikoku and 
Kyushu) are close to those of Northeast Asia 
(Korea, Siberia and north China) [44]. The dis- 
tribution pattern of mtDNA sequences is almost 
the same as in the case of Japanese dogs. Yoneka- 
wa and Moriwaki [44] concluded that the wild mice 
from Southeast Asia distributed first in Japan, and 
then another variety of mice came from Northeast 
Asia in the company of new human groups who 
migrated through the Korean peninsula, and set- 
tled in the west, middle and southeast of Japan. 

Hepatistis B virus, coexisting with human beings 
from the ancient age, has been transmitted from 
hepatitis Be antigen positive mothers to newborn 
bebies (cell-mediated infection). More than 5% of 
population in the world are estimated as hepatitis 
B virus carriers, and “adr” subtype of the virus is 
predeminant in the northeast of Asia, while “adw” 
subtype is predominant in South Asia including 
Taiwan and Ryukyu islands [45]. It is interesting 
that “adr” subtype is predominent in west, middle 


and southeast Japan, while “adw” subtype is pre- 
dominent in northern Japan including Tohoku and 
Hokkaido distincts, suggesting that “adw” carriers 
first occupied Japan, and new commer from the 
Korean peninsula brought “adr” subtype of the 
virus [45]. Adult T-cell leukemia (ATL) virus is 
also transmitted from ATL-associated antigen 
(ATLA) positive mothers to new born babies in 
human beings [46]. Incidence of ATL virus car- 
riers is relatively high in Ryukyu islands (33.9%) 
and Ainu in Hokkaido (45.2%), moderately high 
in Japanese in Kyushu (7.8%), very low in other 
Japanese in Honshu (0.7%), Hokkaido (1.1%) 
and Shikoku (0.5%), and null among the Koreans 
and Chinese, suggesting that the aborigines were 
carriers of the virus, whereas the newcomers were 
not carriers of the virus [46, 47]. 

All data descrived above suggest that the 
Japanese population consists of at least two ele- 
ments, one of which came from Southeast Asia 
and the other came from Northeast Asia. 


Conclusions 


The genetic relationships of 46 Asian and Euro- 
pean dog breeds or populations were studied by 
using the protein polymorphisms detected by elec- 
trophoretic and chemical analysis. Blood samples 
taken from 3,632 dogs including 11 Japanese, one 
Korean, three of Chinese origin, Eskimo and 15 
European breeds, and eight Japanese, one Ko- 
rean, one Taiwanese and one Bangladesh popula- 
tions. Protein polymorphisms were observed in 16 
loci: Es, Lap, Akp, Hb, Es-2, Es-3, Pac, GPI, To, 
Gmo, Pa-1, Alb, Poa, Poa-3, Ptf and Tf. A scatter 
diagram of the 46 breeds or populations on the 
basis of the principal component analysis eluci- 
dates the existence of three close relationships 
among the Ryukyu dog, the Iriomote dogs, the 
Yakushima dogs and the Hokkaido dogs, and 
among the Korean native breed (the Jindo) and a 
population (the Chejudo), the Taiwan native dogs, 
the Chinese origin breeds, and some of the 
Japanese native breeds or populations in Honshu 
such as the San’in Shiba, the Mie hunting dog in 
Shima, the Tsushima and the Akita dogs. |here 
were two gene flows in dogs into Japan. The first 
was from Southeast Asia through the Ryukyu 
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islands to all the Japan islands. The second was 
from the Korean peninsula to the Japanese islands 
except Hokkaido and Ryukyu islands. It is 
assumed that the Hokkaido (Ainu) dog and the 
Ryukyu dog are descendants of an old type of the 
Japanese dogs which were brought to Japan 
10,000-12,000 years ago by the Jomonese who 
came from Southeast Asia, and that most of the 
other Japanese native breeds are descendants of 
the hybrid between the oly type of Japanese dogs 
and the Korean origin dogs, which were brought 
1,700—2,300 years ago by the Yayoi migrants who 
came through the Korean peninsula. All the data 
obtained in the anthropology on Japanese and 
Asian people and the epidemiology of them by 
their parasitic viruses, together with our data on 
dogs, support the view of the “dual structure 
model” for the population history of the Japanese. 
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Exposure to Bright Light Has Little Effect on Eye Sensitivity 
and Ultrastructure of Saduria entomon 
(Crustacea; [sopoda; Valvifera) 
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'Tvarminne Zoological Station, University of Helsinki, SF-10900 HANKO, Finland and 
School of Science and Technology, Department of Biological Sciences, 
University of Waikato, Private Bag, Hamilton, New Zealand 


ABSTRACT—Specimens of the isopod Saduria entomon were caught during late winter nights in 
Finland and divided into three groups: one was not at all exposed to any light and served as the control; 
a second was exposed to midday sunlight of 9.1 10°° qu/m’s for 30 min; the third was exposed to 
artificial white light of 4.2 x 10°° qu/m/°s during the day for 30 min. The visual sensitivity thresholds as 
well as V/log I curves of 15 exposed animals from 30 min to 456h postexposure were recorded at 
random intervals and compared with values obtained from nine control animals. Only a very minor 
reduction of sensitivity in exposed animals was noticed. Parallel ultrastructural studies confirmed that 
light-induced structural derangements of visual membranes, known to occur in other species, were 
minimal, with an enlargement of microvilli to twice their normal diameter being the most obvious. 
Spectral sensitivity curves recorded from nine control animals reverased one single peak to light of 550 
nm wavelength, close to maximum transmission of the water in which the animals occur. The results 
show that apparently not all crustaceans possess eyes that are easily damaged by bright light and—in 
view of the light-induced sensitivity loss reported in Mysis relicta (13)—highlight the danger of 
attempting to predict how photoreceptors of another species would respond, even if the species occurred 


in the same habitat. 


INTRODUCTION 


In several species of crustaceans it was noticed 
that exposure to even moderate levels of bright- 
ness could suppress visual sensitivity for several 
days, if not longer [1, 2, 3, 4]. Anatomical studies 
in parallel with the physiological observations have 
revealed the light-induced photoreceptor damage 
or breakdown, once triggered, continued to pro- 
ceed in the dark long after the initial exposure to 
light [4-9], and, at least in Jasus edwardsii [4] and 
Boreomysis megalops [10], had a direct impact on 
the behaviour. 

Crustaceans that normally inhabit environments 
of low ambient light levels [2, 7, 9], or are primari- 
ly noctural [4, 8] seem to be especially at risk. A 
further aggravating factor appears to be higher 
than usual temperature [11, 12]. Having earlier 
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published, in this journal, a thorough analysis of 
light-induced sensitivity loss and subsequent recov- 
ery in the opossum shrimp Mysis relicta [13], we 
decided to follow up that study with an investiga- 
tion into the effects of bright light on the visual 
propertieas and ultrastructure of the eye of Sadur- 
ia entomon, an isopod species that frequently 
shares the same habitat with Mysis relicta. The 
results from this investigation clearly show that 
even in species inhabiting seemingly identical en- 
vironments, a reliable prediction on how the 
photoreceptors would respond to an exposure of 
bright light in other species in difficult, if not 
impossible. 


MATERIALS AND METHODS 


Electrophysiology 


Experimental animals of various size and sexes 
were collected in traps at 5-20 m depth from the 
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Eastern Baltic Sea off Tvarminne Zoological Sta- 
tion and brought to the surface during winter 
nights in complete absence of artificial lights. All 
handling was done with the aid of “Find-R-Scope” 
infra-red viewers. Captured animals were main- 
tained in the laboratory for several weeks at 5—6°C 
under totally dark conditions and served as con- 
trols. Some of the animals were exposed to the 
midday sun at an intensity of 9.1 x 107° qu/m’s for 
30 min from 12.50 to 13.20 hr in water of 6C. A 
wide beaker placed in a white plastic trough served 
as the holding receptacle during exposure. The 
outside temperature happened to be the same as 
the water temperature. Animals treated in this 
way are referred to as “sunexposed animals”. 

Animals exposed to artificial, white light, 4.2 x 
107° qu/m/’s in intensity, are referred to as “light- 
exposed”. The set-up during the 30 min exposure 
to artificial light consisted of a 1000 ml glass beaker 
(diameter 100 mm) filled with 600 ml of water. 
The beaker was insulated from stray light with a 
styrox collar at the height of the water level. Light 
spectrum and intensity were measured with a QSM 
2500 quantum spectrometer under identical condi- 
tions through the bottom of the beaker (without 
animals). This means the there was an extra glass 
bottom between sensor and the light source. The 
light source consisted of two Argaphoto-BM-200 
V/500W photolamps 50 cm over the bottom of the 
beaker. The lamps were cooled by two electric 
fans and the temperature of the water surrounding 
the animals was thermostatically controlled and 
reached a maximum of 8'C. 

Following the exposures to either artificial or 
sun light, the animals were immediately returned 
to their dark environments, but kept separate from 
non-exposed control animals. Tests of post- 
exposure visual sensitivity commenced as early as 
30 min and continued for up to 456 hr thereafter. 
Forty-one animals altogether were examined elec- 
trophysiologically, but only about 2/3 lasted 
throughout the experiment and could be evalu- 
ated. 

Experimental procedures closely followed those 
reported previously [2, 13]. During preparation, 
using infra-red image converters mounted on a 
Wild-5 stereomicroscope, each animal was illumin- 
ated by light that had passed through 2 Kodak 


Wratten 87 gelatin filters and sometimes a heat 
filter as well, which were inserted in the ray path of 
white light coming from a microscope lamp. The 
incident light, perpendicular to the eye surface, 
was centered around the hole through which the 
recording electrode was lowered 40-50 um into 
the eye. The light spot made by the stimulating 
flash was large enough to cover the entire eye. 
Always the same region of the eye was aimed for 
when inserting the electrode. Following prepara- 
tions, which, on average, did not take longer than 
10 min, the test animals were given 30 min in total 
darkness to recuperate from the operation. The 
system for stimulation consisted of an extended 
source (Osram 6B, 15W microscope lamp, po- 
wered by a constant voltage device) and all record- 
ings were made in the AC-setting. Fourteen 
narrow band spectral interference filters, covering 
wavelengths from 406 to 673 nm, were available to 
test spectral sensitivity. Flash duration was 0.5 
SEC. 

At the completion of the recording the eye and 
position of the electrode were examined under the 
microscope; head and body of the experimental 
animals were then preserved in alcohol. 


Electron microscopy 


For ultrastructural observations by transmission 
electron microscopy a number of eyes from anim- 
als representing controls as well as those that had 
been exposed to sun or artificial lights for 30 min 
and then allowed to recuperate in the dark for 30 
min, 24hr, and 41 hr, were carefully removed 
from the heads and cut free from surrounding 
tissue in a procedure that did not take longer than 
2 min. The eyes were prefixed for 12 hr in sodium- 
cacodylate-buffered 2 1/2% glutaraldehyde, trans- 
ferred to buffer, and postifixed three weeks later 
for 2 hr in sodium-cacodylate-buffered 2% OsOx. 
Dehydration was achieved in the usual way and 
followed by embedding in Epon. Sections for 
electron microscopy were cut with a Reichert 
OMU2 ultramicrotome, stained in uranylacetate 
and lead citrate for a few min each, and examined 
under a Philips 400 TEM. 
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RESULTS 


Electrophysiology 


ERG-waveforms of two main shapes were re- 
corded, although by far the most common one was 
a rapid initial cornea-negative “on-response” fol- 
lowed by a slightly slower return to the baseline. 
This kind of response was virtually identical to that 
of the eye of the isopod Cirolana borealis [2]. 
Another type of response that seemed to come 
from eyes in which the electrode and made less 
optimal contact, i.e. either did not penetrate the 
corneal hole well or had been pushed into the eye 
too far, displayed a posititve overshoot immediate- 
ly following the initial negative deflection. Where 
responses of this type were used for the analysis, as 
with all other responses too, only the amplitude of 
the initial negative deflection was considered. This 
made comparisons between animals consistent. 
All eyes responded to increasing light intensities 
with an increase in amplitude. The highest peak 
amplitude recorded was 3050 “V in a fully dark- 
adapted animal, but in the majority of eyes tested 
peak amplitudes were in the vicinity of 1000 «V. 

Spectral sensitivity, measured from the eyes of 
seven control specimens, peaks at 550 nm and then 
falls off towards both shorter and _ longer 
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Fic. 1. Spectral sensitivity curve of Saduria entomon, 
based on recordings from seven different animals. 
Standard deviation for each wavelength tested is 
indicated by vertical bars. The single maximum (550 
nm) is situated in the region of maximum light 
transmission of the water column (approx. 565 nm). 
Abscissa: the wave-length plotted upon a linear 
scale of frequency. 


wavelengths. There was little variation in the 
seven specimens studied, hence the small standard 
deviations at all wavelengths tested (Fig. 1). Max- 
imum sensitivity is situated close to the region of 
maximum transmittance of the water in this area 
(approx. 565nm [3]), which suggests that the 
animals may be considered well-adapted to the 
local photic environment. 

Taking a response of 50 «V as threshold level, 
we compared absolute sensitivities to white light in 
animals of different lengths and different degrees 
of dark-adaptation (Fig. 2). No statistically signi- 
ficant correlation with size (and, therefore, pre- 
sumably age) of the animal was found (R=0.045). 
Animals that had been exposed to artificial light 
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Fic. 2. A comparison of the eye’s sensitivity with the 
animal’s size (monitored as telson length) reveals on 
correlation. 
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Fic. 3. V/log I (=response/stimulus intensity) data of 
nine control animals not exposed to light prior to the 
recordings, plotted on log-log axes. Threshold 
sensitivities cluster around a log I of -5 and amphli- 
tudes around 1000 ~V. Different symbols represent 
different animals. 
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before, did, however, display a trend of reduced 
sensitivity, which prompted further examination. 
V/log I curves of nine control animals are shown 
in Figure3. Taking most and least sensitive 
curves, they are distributed across a sensitivity 
band roughly 1 log unit wide and display some 
variation in maximum amplitude, but basically 
they are very similar in shape. V/log I curves of 
seven animals tested from 3 hr to 456 hr of dark- 
adaptation following a 30 min exposure to sun- 
light, form a cluster with little variation between 
one another (Fig. 4). Likewise, the V/log I curves 
of all thirteen animals exposed for 30min to 
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Fic. 4. V/log I data of seven animals obtained at indi- 
cated times of dark adaptation (da) following a 30 
min exposure to midday sunlight of 9.1 10° qu/ 
m’s intensity. Irrespective of whether testing was 
carried out three hours postexposure (animal S25) 
or 456 hr postexposure (animal S39), the difference 
between these and the control curves of Fig. 3 is very 
small. 
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artificial light, fall within the limits set by the five 
curves shown in Figure 5, representing the ex- 
treme dark-adaptation times 0.5 hr and approx. 70 
hr. A further 4 V/log I curves, representing 
light-exposed animals tested between 22 and 28 hr 
post-exposure and another 4 from 41-48 hr post- 
exposure animals have been recorded (not shown) 
and fall exactly within the cluster of curve shown in 
Figures 4 and 5. 

In the study of the mysid compound eye [13], it 
was found that a useful indication of the degree of 
light-induced sensitivity reduction was provided by 
an examination of the 50-100 ~V response span 
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Fic. 5. V/log I data of five animals obtained at indi- 


cated times of dark-adaptation (da) following a 30 
min exposure to artificial light of 4.2 107° qu/m7s 
during the day. Irrespective of whether testing was 
carried out 0.5 hr (animal S6) or 75 hr (animal S22) 
postexposure, the difference between these, the 
curves generated by sun-exposed animals, and the 
controls is very minor. 


Fic. 6. Responses of 50 4V and 100 4V and 
their corresponding stimulus intensities (on 
the ordinate) in relation to postexposure 
time plotted on the abscissa. Note the 
slightly elevated sensitivities of the non- 
exposed control group but the rather uni- 
form span of the 50-100 4V bar on all 
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and its associated neutral density range (Fig. 6). 
For each group the mean log density value causing 
a 50 #V response was calculated. Both exposure 
groups differed on a statistically significant level 
from the control group (t-test, control versus light- 
exposed, t=3.21; p=0.008 and control versus 
sun-exposed t=2.75; p=0.018). No significant 
differences showed up between sun and artificial 
light exposed animals. In contrast to the Mysis 
data [13], the length of the 50-100 ”V bar is 
virtually identical in controls, sun- and _ light- 
exposed animals and only the position of the bar in 
relation to associated neutral densities varies 
slightly between the groups. This suggests that all 
animals, irrespective of their previous exposure 
history, apparently possess well-functioning eyes, 
albeit with slightly different thresholds. 

Another parameter looked at was the difference 
between the neutral densities responsible for giv- 
ing rise to 50 nV and 100 «V responses (Fig. 7). 
As in the mysid study [13], this parameter de- 
scribes the slope of the V/log I curves. Thus, the 
significantly high value of this parameter for the 
sun-exposed group as compared with the control 
group (t=—5.31; p=0.0003) and the light- 
exposed group (t= —2.25; p=0.04) demonstrates 
a shallower slope for the V/log I curve of the 
sun-exposed group. No statistically significant 
difference between control and artificial light 
group was revealed. 
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Fic. 7. Log-density difference between stimuli giving 
rise to 50uzV and 100 «V responses plotted against 
control-, sun-, and artificial light exposed animals, 
tested at postexposure times indicated on the 
abscissa. 


Histology 


Dissection of the eye, because of the very hard 
cuticle surrounding it, proved difficult, but ade- 
quately fixed material from eyes of 11 animals was 
analayzed by electron microscopy. An overview of 
gross ommatidiae organisation is shown in Figure 
19. There were few screening pigment granules 
surrounding the crystalline cones and, it agree- 
ment with Nilsson [18], no changes were found in 
light and in darkness. Transversely sectioned 
rhabdoms of animals, whether or not exposed to 
light, displayed a variety of sizes and shapes and 
were often 5-lobed with diameters between oppo- 
site lobes of around 30 um (Figs. 8, 9, 11). Screen- 
ing pigment granules were moderate in number 
and occupied peripheral positions in dark-adapted 
animals. The number of contributing retinula cells 
was normally five, although two smaller additional 
ones were usually present and sometimes were 
seen to have a small rhabdomere as well. Rhab- 
doms stained uniformly and even in eyes of anim- 
als exposed to sunlight and artificial lights the 
majoirty of the rhabdoms retained their integrity 
and staining characteristics known from the con- 
trols. Central regions of abnormal microvilli iso- 
lated from apparently undamaged and relatively 
unaltered rhabdom by an electron-translucent gap 
did develop in some eyes 24hr postexposure to 
sunlight (Fig. 9). 

Irregularities and a loosening of the microvillar 
compound occurred in some ommatidia of the 
light-exposed, 24 hr post-exposure eye (Fig. 10). 
However, in all eyes examined 24hr and 41 hr 
post-exposure, screening pigment granules in the 
dark-adapted peripheral positions and the overall 
picture of retinula cells and rhabdoms was that of 
near-normality (Fig. 11). Since the mictovilli are 
the structures not only most at risk from photo- 
induced structural damage, but also represent the 
site of photo-transduction and are, thus, a good 
structural indicator of “function”, a closer look at 
their organization seemed an essential require- 
ment for this investigation. 

In animals that had been in the dark for at least 
two weeks prior to fixation, microvilli exhibited an 
extremely regular lattice of parallel oriented, 
blind-ending tubes, measuring 65-75 nm in dia- 
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Fic. 8. S. entomon rhabdoms (Rh) come in various shapes, but typically measure approximately 30 ~m across. They 
are made up of five major and two minor retinula cells (numbered 1-7). In this dark-adapted control animal 
screening pigment granules are located peripherally. The scale is 10 um. 

Fic. 9. Some rhabdoms like this of a 30 min sun-exposed animal fixed 24 hr postexposure in the dark, display central 
lesions. Most of the rhabdom and its constituent microvilli, however, are intact and screening pigment granules 
are generally in the dark-adapted position. The scale is 5 um. 

Fic. 10. A certain degree of loosening of the microvillar arrangement and serrations at the edges of the rhabdom 
were found in material exposed for 30 min to artificial light and then fixed 24 hr after recuperation in the dark. 
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meter (Figs. 12, 13). The regular and dense pack- 
ing of the microvilli resulted in hexagonal profiles 
of the latter when sectioned transversely (Fig. 12). 
As with microvilli of other crustaceans, their cyto- 
plasmic interior was in communication with the 
retinula cell plasma, althought bundles of microvil- 
li seemed to arise from the same anchor point 
similar to the situations described from lobster [14] 
and crayfish [15]. 

A 30 min exposure to artificial light resulted in 
few signs of microvillar disruption 30 min post- 
exposure (Fig. 14). Rhabdom microvilli were still 
regular, though suggestions of swellings in 
amongst them were apparent. The edges of the 
rhabdom exhibited signs of light-adaptation in the 
form of vesicles budding off towards the retinula 
cell and screening pigment granules were in the 
light-adapted position (Fig. 15). Twenty-four 
hours post-exposure a considerable proportion of 
microvilli had become enlarged (Fig. 16), a feature 
also seen in the eye of Mysis relicta as a consequ- 
ence of bright light exposure [13]. 

Although a greater variety of microvillar dimen- 
sions and orientations than in the dark-adapted 
control rhabdoms was obvious in eyes exposed to 
bright light, the overall impression was that of 
relatively undisturbed rhabdoms. The swelling of 
the microvillar diameters to at least twice the size 
of those of the dark-adapted controls was the most 
obvious change. Forty one hours post-exposure 
microvillar diameters had become reduced, but 
still had not reached the pre-exposure dark- 
adapted control dimensions (Fig. 17). 

Animals exposed to the somewhat brighter sun- 
light for 30 min exhibited similar trends, but on a 
lesser scale. For example, signs of rhabdom dam- 
age, confined to the central portion of some rhab- 
doms, were indeed seen 24 hr post-exposure (Fig. 
9). But microvillar diameters 30 min postexposure 
were virtually unchaneged from dark-adapted con- 
trols as well as 24 hr post-exposure eyes (Fig. 18). 


The scale is 15 um. 
Fic. 11. 


DISCUSSION 


In view of the many publications describing 
light-induced sensitivity loss and ultrastructural 
damage in crustacean photoreceptors, summarised 
in [13], the result that in Saduria entomon expo- 
sure to sun and artificial lights had very little effect, 
comes as a surprise. S. entomon can hardly be 
termed an animal that habitually or frequently gets 
exposed to sunlight. On the contrary; it spends 
most of its time in or near the bottom mud of the 
Baltic Sea and is clearly nocturnal throughout the 
year [24]. It is, however, extremely tolerant to 
changing salinities [16] and copes with a wide 
range of oxygen concentrations and temperatures 
as well [25]. At present we can not offer an 
exhaustive explanation as to why the eyes of some 
isopods like the deepwater species Cirolana 
borealis and Bathynomyus giganteus apparently 
lose all sensitivity [2, 9] and react with a disintegra- 
tion of the rhabdom to an exposure of bright light 
[6, 9] while others including the Antarctic Clypto- 
notus antarcticus [17] and Saduria entomon (this 
paper) suffer little structural and/or functional 
effect. 

Saduria has a fairly thick, multilayered cornea 
(approx. 30-40 um; this paper) and so has Glypto- 
notus (approx. 70 um [17]) but we do not believe 
that corneal thickness and ultrastructure alone are 
the reason for the greater light tolerance in these 
two species, for Cirolana borealis which reacts 
sensitively to bright light exposure [2, 6] also has 
rather thick corneal lenses (20-55 ~m: [18]), and 
the same dichotomy is observed in the amphipods 
Orchomene plebs and O. sp. cf. rossi |7, 11]. The 
duration of the initial exposure to light was twice 
as long in Mysis relicta [13], but the intensity of the 
light used was much lower than that used in this 
study. This, too, points to a more fundamental 
difference in the eye physiology of the two species. 

An interesting structural parallel to M. relicta 
[13] offer the enlarged microvillus diameters in the 
eye of Saduria, following exposure to bright light. 


Approximately two days following 30 min of exposure to sunlight, rhabdoms of animals subsequently kept in 


the dark like this example are apparently normal and, apart from a small remnant of the central lesion seen 
earlier, quite indistinguishable from control animals. The scale is 10 ~m. 
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Fic. 12. Rhabdom microvilli of dark-adapted, control animals display a regular array of hexagonally-packed tubes 


measuring 65-75 nm in diatmeter. The scale is 0.5 wm. 
Fic. 13. When longitudinally-sectioned, the microvilli of rhabdoms of dark-adapted control animals display a paralle 


alignment, a uniform diameter of 70 nm and anchor-points at the edge of the cytoplasm shared by a group of 


Fic. 


Fic. 


Fic. 


Fic. 


Fic. 
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But while in M. relicta the loosening of the micro- 
villus compound led to a worsening state culminat- 
ing in a severe derangement of microvilli, the 
Saduria eye possessed sufficient “self-healing” 
powers to go back to normal. The minor nature of 
the structural damage was completely mirrored by 
the ERGs, recorded pre- and post-exposure. 
While there was a statistically significant difference 
in the thresholds and the way the V/log I curves 
began to rise within the first 50 «V (between 50 
and 100 «V amplitudes), the effect was very minor 
when compared with the dramatic sensitivity loss 
and flattening of V/log I curves in M. relicta under 
very similar experimental conditions [13]. In fact, 
the higher sensitivities in the dark-adapted con- 
trols showed an overall, greater scatter than those 
recorded post-exposure. This indicates to us that 
the unnaturally long period the controls have spent 
in total darkness might have increased the amounts 
of photo-pigment to abnormally high levels, which 
then raises the question, whether the small micro- 
villus diameters observed in the dark-adapted con- 
trols can be considered normal—or abnormally 
small. In any case, there can be absolutely no 
doubt of the ability of the exposed eyes to function 
normally over a wide range, covering more than 4 
log units, of photic stimulation even following the 
exposure to bright light. 


Fic. 19. Schematic representation of longitudinal sec- 
tion of ommatidial unit in the eye of Saduria en- 
tomon (after Nilsson [18]). A=axon; CC=crystal- 
line cone; CE=cone cell extension; CL=corneal 
layers; DP=distal pigment; E=eye capsule mem- 
brane; FM=fenestrated membrane; G=glial cell; 
RC=retinula cell; RH=rhabdom; RP=reflecting 
pigment. 


microvilli. The scale is 0.5 um. 

14. After thirty minutes in the dark following a 30 min exposure to artificial lights, microvillar diameters are still 
apparently unchanged from controls, but a certain degree of disruption of the regular order is becoming apparent. 
The scale is 0.5um. 

15. Same treatment as in Fic. 14, but the focus is on the edge of the rhabdom where typical signs of 
light-exposure like budding vesicles, screening pigment grains (arrow), are apparent. The scale is 0.6 «m. 

16. In all three animals in which rhabdoms were examined one day follwing exposure to artificial light for 30 
min, the microvillar organization for the greater part remained intact, but microvillar dimensions had changed 
with diameters now being 2-3 times as wide as the controls. The scale is 0.5 «am. 

17. Even 41 hr following exposure to artificial light, microvillus diameters are not back to the control values 
The scale is 0.5 um. 

18. A touch of light-induced irregularities in the organization and dimensions of microvilli is also observed in 30 
min sun-exposed rhabdoms. But at 24 hr postexposure (this micrograph), the rhabdom is barely different from 
the control. The scale is 0.5 um. 
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The spectral sensitivity curve with its single 
maximum in the green part of the spectrum 
appears to reflect a high degree of evolutionary 
adaptation to the light transmission properties of 
Tvarminne offshore waters, which exhibit a max- 
imum at around 565 nm [3]. Spectral sensitivity 
apparently does not undergo any change with size 
(and, therefore, presumably age) of the animals, 
which agrees with recent studies by Ziedins and 
Meyer-Rochow [19] on Petrolisthes elongatus and 
Forward and Cronin [20] on intertidal crabs. Sea- 
sonal changes, however, documented in the 
crayfish by Nosaki [21] and Suzuki ef al. [22] as 
well as variations between geographically isolated 
populations, reported for example in Mysis relicta 
by Lindstrém and Nilsson [3] cannot be ruled out. 

What this study has made abundanly clear is that 
generalizations are dangerous. Even crustacean 
species co-inhabiting the same environment may 
display very differnt responses to the exposure of 
bright light. In the words of Nilsson [23], who 
presented three examples of crustaceans with 
“apparently the ‘wrong’ type of eye”, one is forced 
to accept “how easy it is to underestimate the 
competence of evolution”. 
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Light-Stimulated Green Coloration of Silk Glands in 
the Saturniid Moth, Antheraea yamamai: 
Influence of Ligation and Parabiosis 
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Mitaka, Tokyo 181, Japan 


ABSTRACT— Developmental timing of pigmentation of the silk glands and a possible photoreceptive 
site responsible for the green coloration were examined in Antheraea yamamai. At the time of gut 
purge, the silk glands became green under high intensity light (5,000 Ix) whereas they were yellow under 
low intensity light (20-30 Ix). Green coloration occurred in larval transfer from low intensity to high 
intensity at gut-purge stage whereas reverse transfer reduced the degree of green coloration, indicating 
that light of high intensity must be irradiated continuously during the stage. When the neck-ligated 
larvae or isolted abdomens, both of which had been kept in low intensity and were ligated at the time of 
gut purge, were wholly or partially irradiated at high intensity, green coloration was seen in any cases. 
Removal of all ventral ganglia from the isolated abdomens has no adverse effect on green coloration in 
either light condition. In the parabiosis experiments, in which two decapitated larvae kept in low 
intensity were connected by a transparent tube and one of the parthers wholly or partially exposed to 
light and the other shielded, the silk glands of the shielded animal were green as were those of the 
exposed ones. Local irradiation to the only region of a connecting tube also caused green coloration in 
both animals. But, when the flow of hemolymph in the tube was disturbed with a plug, no green 
coloration occurred in the shielded animal. These suggest that the hemolymph has a crucial role in light 
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reception. 


INTRODUCTION 


Many insects change their body-color or pig- 
mentation according to environmental stimulli. 
One of the main factors is the intensity of light or 
the spectrum of the circumstance [1-3]. Light 
stimuli mostly are perceived by visual organs, and 
act on the metabolism and accumulation of pig- 
ments via neuroendocrine system [4-7]. In some 
insects, however, extraocular light reception seems 
to be involved [4]. 

In the saturniid moth, Antheraea yamamai, 
green coloration of cocoons, which is due to the 
presence of a blue bilin together with an underter- 
mined yellow compound, is influenced by the 
intensity of light given during larval life [8]. The 
larvae, when kept in light of high intensity (e.g., 
4,000 Ix), produce a green cocoon whereas cocoon 
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color is yellow under light of low intensity (e.g., 40 
Ix) or darkness. Ocelli-removed larvae respond to 
light and produce a green cocoon. The occurrence 
of similar light-induced green coloration has been 
found in the larval integument and adult wing of 
the papilionid butterfly, Graphium sarpedon, and 
in the larval integument and cocoon of another 
saturniid moth, Rhodonia fugax (Kato, unpubl.). 
The goal of our study is to clarify the physiological 
or biochmical mechanism by which light stimulates 
the accumulation of a bilin in the tissues (e.g., silk 
glands where cocoon materials are accumutated). 

In the present study, (1) developmental timing 
of pigmentation of the silk glands, (2) influence of 
ligation and ganglion removal on the light respon- 
siveness of the larvae, (3) local irradiation on the 
ligated and parabiosis larvae were investigated in 
A. yamamali. 
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MATERIALS AND METHODS 


Animals 


Larvae of A. yamamai were reared on oak 
leaves (Quercus actissima and Q. serrata) at 25°C 
under LD 12:12. They were kept in transparent 
plastic cases (31 X21 X10 cm) till 4th-instar. When 
the larvae became of 5th (last) instar, they were 
individually kept in small plastic cups (0116.5 
cm). Under these conditions, the duration from 
the last larval ecdysis till the onset of gut purge, or 
from the gut purge till pupation was about 11 to 13 
days or 5 to 6 days, respectively. 


Light irradiation 


Till the end of 4th-instar, all larvae were irradi- 
ated with the light of low intensity (20-30 lux) 
during the photo-phase of LD 12:12. Intact 
developing larvae in 5th-instar were exposed to the 
light of high intensity (5,000 Ix) or remained at the 
low intensity during the photo-phase according to 
the experimental regimens. At the time of gut 
purge, some of those larvae were transferred to 
continuous darkness or light (5,000 1x), respec- 
tively. 

White fluorescent tubes (National, FL 40SS-W/ 
37) were used as a light source, and the light 
intensity was measured at the top level of rearing 
cases. 


Ligation experiments 


Feeding larvae (10 days after last larval ecdysis) 
and gut-purge larvae, which had been kept in light 
of 20-30 lx, were ligated with cotton threads be- 
tween head and thorax, or between thorax and 
abdomen, and then anterior portions were re- 
moved. Posterior portions of the larvae were 
divided into two groups, and one group exposed to 
5,000 Ix and the other kept in darkness, respective- 
ly. Dissections were performed on 4 to 7 days after 
ligation for the feeding animals, and on 2 to 3 days 
for the gut-purge ones to check coloration of the 
silk glands. 


Removal of ganglia 


Gut-purge larvae kept in light of 20-30 Ix were 
ligated between head and thorax, and the isolated 


abdomens were prepared. All eight ventral gang- 
lia were removed from each abdomen. As control, 
a sham-operation was done, where ventral por- 
tions of the integument were injured. Operated 
animals were kept in 5,000 Ix or in darkness for 24 
hr, and then dissected. 


Local irradiation experiments 


Larvae kept in 20-30 Ix were ligated at the time 
of gut purge. After removal of the anterior 
portion, each animal was laid down on its lateral 
side on a plate, and then fixed at anterior and 
posterior ends of the body with threads and adhe- 
sive tape (Fig. 1). Fixed animals were transversely 
partitioned into two or three portions at various 
levels of the body by using a light-tight box (8 x 10 
1.5 cm) with a L-shaped cutting made at its 
side-wall just large to insert a larva. To prevent 
light leakage from other sides, the box was wrap- 
ped with a sheet of almi-foil. The part outside the 
box was irradiated at 5,000 lx for 24 hr. In some 
experiments, neck-ligated animals were again li- 
gated at the other level, where the body was 
partitioned into anterior and posterior halves, and 
locally irradiated. 


(A) 
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A schematic drawing of a local irradiation on a 
ligated larva. (A) upper view; (B) lateral view. (a) 
plate; (b) box with a hole; (c) larval body; (d) 
thread; (e) gum tape; (f) light irradiated. 


Fic. 1. 


Parabiosis experiments 


Two series of experiments were performed. 
First, the larvae kept in light of 20-30 1x were 
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decapitated at the time of gut purge. Decapitated 
larvae were connected with those animals of the 
same age kept in light of 5,0001x by using a 
transparent vinyl tube (@ 0.8 cm, 2 cm in length), 
which permits hemolymph flow between each 
body, and then both of each animal were kept in 
darkness for 24hr. As control, the connections 
were done between the larvae of the same light- 
condition (5,000 or 20-30 Ix). 

Second, decapitated larvae kept in light of 20-30 
Ix were connected each other by the vinyl tube. In 
one experiment, a connecting tube was plugged 
with paraffin to prevent the flow of hemolymph 
through the tube. These animals were locally 
irradiated at 5,000 lx for 24 hr, as described above. 


Examination of silk-gland coloration 


For intact animals, the middle and posterior 
regions of silk glands were examined because the 
anterior region was scarecely colorless. The de- 
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gree of coloration was classified into colorless, pale 
green or pale yellow, and green or yellow. 

For treated animals, the middle region was 
examined because colored material was accumu- 
lated there together with liquid silk [9]. Color of 
the middle region was scored into 4 groups accord- 
ing to the extent of green coloration. Score 3 
represents most green coloration whereas score (0) 
is yellow. Intermediates were scored as 1 or 2 
depending on the degree of green. 


RESULTS 


Developmental timing of silk-gland pigmentation 
during the last larval instar 


Figure 2 shows the timing of pigmentation in the 
middle and posterior regions of the silk gland 
under two different light-intensities. Under light 
of 5,000 Ix, the silk glands began to show pale 


Developmental 5000 lux 20-30 lux 
stage 3 5X Ui ‘ No.Larvae 
EE —EEE ee | EE EEE EEE eee | 
fp 
(After last larval 
ecdysis) -7 
SO PPPA PP 7 
loool ZL LLL 
LLL LO ILL GI MEA 
Moo oMoMoto@o¥oo) 
Hanus oni a 
ER 
a greearemmnan (aa areca 
m 

2 ee] 

Ci td Co mM Vv 

1 2 3 4 5 
Fic. 2. Timing of silk-gland pigmentation at differnt intensities of light during Sth larval instar. (m) middle region of 


silk glands; (p) posterior region. (1) colorless; (2) pale green; (3) pale yellow; (4) green; (5) yellow. N=S. 
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green color on 7 to 10 days in the posterior region 
(in particular, its anterior half), became green at 
the time of gut purge in both of the middle and 
posterior regions, and then became colorless to- 
ward pupation. Under light of 20-30 1x, time 
course of yellow pigmentation was similar to the 
case in light of 5,000 Ix, and yellow coloration was 
clearly seen at the time of gut purge in both regions 
of the gland. 

When the larvae were transferred from light of 
20-30 Ix to light of 5,000 Ix at the gut-purge stage, 
the silk glands start to become pale green in the 
posterior region 8hr after the transfer, and 
showed green color in the middle and posterior 
ones 12 hr later (Fig. 3). On the other hand, when 
larval transfer was done from 5,000 Ix to darkness 
at the same stage, green color of the silk glands 
was lost at earlier time of development than in the 
case of the 5,000 Ix condition. 
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Light responsiveness of the ligated larvae for green 
coloration 


To know whether the head or thoracic part may 
be responsible for the green coloration of silk 
glands, ligation experiments were performed. In- 
itially, ligation was dine on feeding (day 10) larvae. 
When ligated between head and thorax, most of 
the larvae had the pigmented silk-gland and its 
color was green (score 1.6) under 5,000 lx whereas 
under darkness it was yellow (score 0) (Table 1A). 
For the ligation between thorax and abdomen, no 
coloration occurred in the silk glands of each 
group. 

Second, gut-purge larvae were used for the 
experiments because larvae reateined an ability of 
green coloration till the time of gut purge as 
demonstrated above. In neck-ligated animals, 
silk-glands of the larvae exposed to 5,000 Ix were 
of green coloration and the score was higher than 
that in the neck ligation of the feeding larvae, 


5000lux 


Darkness 


g No.Larvae 


cs] Co) Me v4 
2 


3 4 5 


Pigmentation of the silk gland after from low light intensity (20-30 Ix) to high intensity (5,000 Ix) (left) or 


from high intensity to darkness at the time of gut purge (right). Other explanations same as in Fic. 2. 
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TaBLE 1. Light responsiveness of the ligated larvae for green coloration of the silk gland 
Stage of Site of Light Pigmentation are 
ligation ligation condition %o (miean-+-SD) 
(A) H/T 5000 Ix 63 (11) 1.6+1.0 
Feeding Darkness 75 ( 8) 0 
T/A 5000 Ix 0 ( 9) _ 
Darkness 0 ( 8) = 
(B) H/T 5000. Ix 100 (12) 2.20.4 
Gut-purge Darkness 100 ( 9) 0) 
T/A 5000 Ix 100 (15) 2.7+0.6 
Darkness 100 (10) 0 


H/T; ligation between head and thorax. 


size. 


whereas those of the larvae kept in darkness were 
yellow (score 0) (Table 1B). Similar light-respon- 
siveness was seen in the isolated abdomens. 


Influence of ganglia removal on the light respon- 
siveness 


When all 8 ventral ganglia were removed from 
the isolated abdomen, which had experienced gut 
purge, the silk glands were green (score 2.1+0.7 
(SD), N=10) as were those of the sham-operated 
animals (score 2.5+0.5 (SD), N=10). Similarly, 
under darkness both groups of animals (N=8 
each) had yellow silk-glands (score 0). 


Local irradiation on the ligated larvae 


To determine the possible site of light reception, 
neck-ligated larvae and isolated abdomens were 
locally irradiated with light of 5,000 1x. For the 
neck-ligated larvae, when the thoracic part or each 
of the anterior and posterior abdominal parts was 
irradiated, silk glands of each group were green 
(score 1.9-2.3) (Table 2A). Green coloration 
occurred in the light exposure of only one segment 
(3rd thoracic, 3rd abdominal or 6th abdominal) 
(score 1.8-2.2). But, when the additional ligation, 
which prevented the flow of hemolymph between 
the exposed and shielded ones of the larva but not 
the scattered light from a hole, the score was 0 and 
the silk glands located in abdominal cavity of the 
shielded region were yellow. 

Similarly, local irradiation of the isolated abdo- 
mens was always effective for green coloration 


T/A; ligation between thorax and abdomen. 
ligation, the larvae were kept in 5,000 lx or darkness. 


After 
Numerals in parentheses are sample 


TABLE 2. Effect of local irradiation on green col- 
oration in the ligated larvae 


Score of green 


Site. of _ Site of No. coloration 
ligation irradiation (mean +SD) 
(A) H/T whole 10 2220.8 
none 9 0) 
T1-T3 PMs bw Py 
A1-A5 8 PS Foo 
A6-A9 10 A loss 
LS 8 1.8+1.0 
A3 8 2.0+0.8 
A6é 8 1.8+1.0 
T1-T3/* 10 0 
/A6-A9«+ 10 0 
(B) T/A whole 8 2.6+0.5 
none 9 0) 
Al-A5 8 2.1+0.8 
A6-A9 8 2.0+0.8 
H/T; ligation between head and thorax. T/A; 
ligation between thorax and abdomen. Arabic 


numerals next to T (thorax) or A (abdomen) show 
segment order. * and «+ show additional ligation 
between 3rd thoracic segment and Ist abdominal 
one, and between Sth and 6th abdominal segment, 
respectively. The ligated larvae were locally irradi- 
ated at 5,000 Ix. 


(score 2.0-2.7) (Table 2B). 


Influence of parabiosis and local irradiation 


Figure 4 shows the results obtained in the first 
series of the experimets. When the larvae exposed 


670 Y. Kato 


SCORE 
3 
2 
1 
O 
HI Hl Ll LI HI Li 
A B C 


Fic. 4. Induction of green coloration by parabiosis with the light-condiiton larvae. A, parabiosis between the larvae 
kept in higt intensity of light (HI) (N=8); (B), parabiosis between the larvae kept in low intensity (LI) (N=8); 
(C), parabiosis between a larva kept in HI and a larva in LI (N=8). After parabiosis. the larvae were kept in 
darkness. Vertical bars are SD. 
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2 
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Fic. 5. Effect of local irradiation on green coloraiton in the parabiosis larvae. A, light (5,000 Ix)-control (N=8): B, 
dark-control (N=10); C, one partner was irradiated and the order shielded (N=9): D, only posterior 4 segments 
of one parther irradiated (N=10): E, only the region of the tube connecting two animals was irradiated and the 
animals themselves wholly shielded (N=8): F, one partner was irradiated and the other shielded, and the 
connecting tube was plugged with paraffin (arrow) to prevent hemolymph flow (N=8). Open area of the 
connected larvae is exposed to light. Vertical bars are SD. 


to light of 5,000 lx were connected each other, green coloration in the former animal was very low 
green coloration was seen in the silk glands of both (score 0.4) in contrast to that in the partner 
larvae (score 2.1-2.3). When the larvae kept in (light-condition larva) (score 1.9), although it 
light of 20-30 1x were connected with those ex- _ slightly rose as compared to the case of the connec- 
posed to the high-intensity light, the degree of tion with the dark-condition larva (score 0). 
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In the second series of the experiments, the 
larvae kept in light of 20-30 lux were connected 
each other, and then irradiated locally. When one 
of the partners was wholly irradiated, the silk 
glands of the non-irradiated animal were green 
(score 2.0), as were those of the irradiated one 
(score 2.6) (Fig. 5). Irradiaiton effect was seen in 
the case where only several segments of the part- 
ner were exposed to light, although the pigmenta- 
tion level was slightly lower (score 1.4-1.8). 
Furthermore, local irradiation to only the region of 
the tube in which the hemolymph was seen flow- 
ing, but not to the larval body itself, caused green 
coloration in each larva (score 1.9 each). But, 
when the flow of hemolymph in the connection 
tube was prevented with a plug, no green colora- 
tion occurred in the silk glands of the non- 
irradiated partner (score 0). 


DISCUSSION 


The present observations demonstrated that 
silk-gland pigmentation in A. yamamai occurs in- 
tensively at the time of gut purge under high or low 
intensity of light, and that its occurrence begins at 
the posterior region of the glands, in contrast to 
the case of Bombyx mori, in which pigmentation of 
the silk gland occurs during the longer period of 
development than in A. yamamai and it begin at 
the middle region of glands [10]. Furthermore, the 
transfer experiments showed that light of high 
intensity must be irradiated continuously around at 
the time of gut purge for giving enough green 
coloration to the glands. 

In B. mori, the pigmentation (carotinoid up- 
take) in the silk gland is controlled by hormones; 
ecdystaroids and juvenile hormone [10]. The 
present data showed that green coloration in the 
silk gland of A. yamamai, is more intensive in 
larvae decapitated at gut-purge stage than at feed- 
ing stage, and no isolated abdomens from the 
feeding larvae had the pigmentaed glands. The 
timing of the occurrence of gut purge in A. yama- 
mai is coincided with the increase of hemolymph 
ecdystaroid level (Kiuchi, unpubl.). Therefore, 
pigmentation activity of the silk gland of A. yama- 
mai is suggested to be controlled by ecdysteroid 
level. 


The ligation experiments clearly showed that not 
only the decapitated larvae but also the isolated 
abdomens retain their photosentisitivity and the 
silk glands become in green in response to the light 
irradiation. Furthermore, green coloration occur- 
red even in the ganglia-removed or locally illumin- 
tated animals. As the extraocular photoreceptor in 
insects, the brain has been reported for photo- 
periodic and circadian systems [11], the prothor- 
acic gland for circadian system [12], the teminal 
abdominal ganglion for phototactic activity [13], 
and the genital organ for reproductive behavior 
[14]. However, the results of the present experi- 
ments excluded the possiblity that those organs 
may be a photoreceptive site responsible for the 
green coloration. 

In the local irradiation of light, it was impossible 
to completely prevent the intrusion of the scat- 
tered light from the hole into the shielded part. 
However, as shown in Table 2, additional liga- 
tions, where the scattered light intruded in but the 
flow of hemolymph was prevented between the 
exposed and shielded part, inhibited green colora- 
tion in the latter part. Thus, it is thought that the 
scattered light from the small hole might not 
contribute to the green coloration. 

In the parabiosis experiments combined with 
light irradiation, local irradiation of light to one of 
the partner or only hemolymph caused green col- 
oration. But the presence of paraffin plug, which 
might not prevent the scattered light but the 
hemolymph flow, between the connected larvae 
inhibited the coloration in the partner. Thus, it is 
strongly suggested that hemolymph may have a 
crucial role in light reception, although whether 
light may act on a hemocyte or serum was unde- 
cided. 

Unexpectedly, in the parabiosis experiments, in 
which the 5,000 lx-conditioned larvae were con- 
nected with the larvae kept in the low intensity 
light, the degree of green coloration in the latter 
larvae was very low. Preliminary experiments, in 
which hemolymph of the former larvae was in- 
jected into the latter larvae, also gave negative 


data. This reason is unknown at present. As 
discussed above, it seems likely that the larval 
body must be illuminated simultaneously at the 


time when the pigmentation occurs. Presumably, 
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unknown light-induced substance which is re- 
sponsible for the bilin pigmentation (e.g., pigment 
or pigment-precursor) might be due to be very 
unstable or rapidly turned over in the hemolymph. 

In lepidopteran insects, two types of bilins have 
been reported [15]: one is biliverdin IX and the 
other bilins called as neopterobilin. Barbier and 
his colleagues [16, 17] demonstrated in vitro photo- 
transformation of biliverdin IX to a neopterobilin 
and between neopterobilins. A bile pigment from 
the green cocoons of A. yamamai belongs to the 
latter group [8], in which absorption peak at about 
380 nm is absent. Preliminary report showed in A. 
yamamai that larval hemolymph and integument, 
which are green irrespective of the light condition, 
have a bilin of neopterobilin type, and it is spec- 
trophotometrically different from that of the co- 
coon (silk gland) and larval head capusule, which 
become green in response to light [18]. Present 
data showed that the light irradiation to the 
hemolymph was effective for green coloration. 
Considering these facts, therefore, the phototrans- 
formation of hemolymph bilin and the incorpora- 
tion of a tansformed bilin into the silk gland may 
be possibly involved in the light-stimulated green 
coloration. To prove this idea, more knowledge 
about biosynthesis and metabolism of the bilins in 
insects will be required. 
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The Involvemnt of Phosphoenolpyruvate Carboxykinase in Succinate 
Formation in Phascolosoma arcuatum (Sipuncula) 
Exposed to Environmental Anoxia 
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Kent Ridge, Singapore 0511 


ABSTRACT—Succinate, propionate and alanine were accumulated in the sipunculid worm, Phascolo- 
soma arcuatum, with a decrease in aspartate content upon anoxic exposure. Aspartate degradation 
could not account for all the succinate accumulated during the 48 hr anoxic period and no stoichiometric 
relationship between alanine accumulation and aspartate degradation was observed. The glutamate 
content in the worm remained constant throughout the 48 hr period of anoxia. Adenylosuccinate 
synthetase and adenylosuccinate lyase were not detected in P. arcuatum, rendering the formation of 
succinate through the purine nucleotide cycle in this organism improbable. Results indicate that 
succinate synthesis in P. arcuatum involved phosphoenolpyruvate carboxykinase at the phosphoenol- 
pyruvate branch point of glycolysis. The activity of phosphoenolpyruvate carboxykinase from P. 
arcuatum exposed to anoxia remained unchanged throughout the 48 hr period, but the activity of 
pyruvate kinase measured at a subsaturating concentration of phosphoenolpyruvate decreased, possibly 
due to deactivation by phosphorylation. After 36 hr of anoxic exposure, the activity ratio of pyruvate 
kinase: phosphoenolpyruvate carboxykinase, obtained at 0.1 mM of phosphoenlopyruvate, decreased 
to half of the control value. Furthermore, the formation of oxaloacetate, and hence succinate, through 
phosphoenolpyruvate carboxykinase was favoured by the combined effects of lower pH and increased 
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bicarbonate and alanine contents in the worm exposed to anoxia. 


INTRODUCTION 


Members of the phylum Sipuncula provide some 
interesting features of biochemical studies of the 
anaerobic metabolism of intertidal invertebrates. 
The local sipunuclid worm, P. arcuatum, can 
usually be found 20-30 cm deep in the mud at the 
higher regions of the mangrove swamp. To survive 
in such a hypoxic environment, P. arcuatum must 
be capable of oxygen-independent energy meta- 
bolism. Indeed, the sipunculid worm, Sipunculus 
nudus, has been demonstrated to be hightly toler- 
ant to environmetal anoxia [1]. 

Portner et al. {1] demonstrated that S. nudus 
supplied its energy requirements mainly from 
anaerobic glycolysis during the first 2 to 6hr of 
environmental hypoxia, leading to the accumula- 
tion of strombine and octopine. However, after 
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the sixth hour, the opine concentrations levelled 
off in S. nmudus and succinate production pre- 
dominated. 

At the beginning of anaerobiosis, aspartate was 
degraded in S. nudus, leading Portner et al. [1] to 
suggest that the carbon chain of aspartate might be 
channelled into succinate and its amino group into 
alanine. However, an accumulation of alanine was 
not shown in the same study due to large individual 
variations [1]. Portner er al. [1] further concluded 
that carboxylation of phosphoenolpyruvate (PEP) 
to oxaloacetate by phosphoenolpyruvate carboxy- 
kinase (PEPCK), leading to the formation of suc- 
cinate, in S. nudus was extremely low as the 
PEPCK activity in S. nudus could hardly be mea- 
sured. 

Kreutzer ef al. [2] verified the degradation of 
aspartate and accumulation of succinate in S. 
nudus. They also confirmed that an accumulation 
of alanine could not be shown. Based on such 
results and without any experimental support on 
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the presence of PEPCK in S. nudus, Kreutzer et al. 
[2] concluded that this organism possessed the PEP 
branch-point for succinate formation. However, in 
the later study by Portner [3], the accumulation of 
alanine in S. nudus exposed to anoxia was verified. 

In order to shed light on the above-mentioned 
enigma, the present study was undertaken to eluci- 
date the pathway of succinate production in the 
local sipunculid, P. arcuatum, under environmen- 
tal anoxia, with a special emphasis on demonstrat- 
ing the presence of the PEP branch-point. Theore- 
tically, succinate formation can also involve the 
purine nucleotide cycle as described by Lowen- 
stein [4] and Waarde et al. [5]. Aspartate combines 
with inosine monophosphate (IMP) to form adeny- 
losuccinate (AMPS), which is broken down to 
adenosine monophosphate (AMP) and fumarate. 
Fumarate is reduced to succinate along with the 
generation of adenosine triphosphate (ATP). 
Hence, the possible involvement of this biochemic- 
al pathway in succinate formation in P. arcuatum 
was also examined. 


MATERIALS AND METHODS 


Collection and maintenance of specimen 


P. arcuatum were collected from the mudflats of 
the mangrove swamp at Mandai, Singapore and 
maintained at 25°C in the laboratory in plastic 
aquaria with aerated 50% seawater (15%o salinity). 
No effort was made to feed the worms and experi- 
ments were performed after 10 days of acclimatiza- 
tion. 


Anaerobic incubation 


Groups of 12 worms were placed in darkened 
250 ml flasks containing 150 ml of 50% seawater 
which had been flushed with 100% N, for 1 hr 
prior to the start of the experiment. Flushing was 
continued for another 1 hr after the introduction of 
the worms before the flasks were sealed and left 
undisturbed at 25°C throughout the incubation 
period of either 12, 24, 36 or 48 hr. Worms kept in 
50% seawater saturated with air were used as 
controls for comparison. 


Sample preparation for metabolite analyses 


At the end of the incubation period, the worms 
were taken out of the flask and quickly blotted dry. 
A small incision was made on the body wall and 
the coelomic fluid was collected in ice-cold test- 
tubes. The worm tissues were immediately freeze- 
clamped in liquid nitrogen and stored at —80°C 
until further analyses. The time taken to process a 
group of 12 worms was approximately 3 min. 

Samples of coelomic fluid were immediately 
centrifuged at 1,000xg and 4°C for 10 min in a 
Kokusan H-103N refrigerated centrifuge to obtain 
the coelomic plasma. Coelomic plasma from three 
worms were pooled together to constitute a sam- 
ple. The sample was mixed with an equal volume 
of ice-cold 0.6 N perchloric acid followed by cen- 
trifugation to remove the precipitated protein. 
The supernatant fluid obtained was used for car- 
boxylic acid analyses. 

The frozen tissue sample was ground to a pow- 
der under liquid nitrogen using a mortar and 
pestle. The powdered sample was weighed and 
suspended in seven volumes of ice-cold 0.6N 
perchloric acid (w/v) and homogenized thrice us- 
ing an Ultra-Turrex homogenizer (Janke and 
Kunkel GMBH and Co.) at maximum speed 
(20,500 rpm) for 15 sec each with 10 sec off inter- 
vals. The homogenized sample was centrifuged at 
10,000 x g for 15 min in a Sigma 202MK refriger- 
ated centrifuge. The supernatant fluid obtained 
was divided into two portions. One portion was 
used for carboxylic acid analyses while another 
portion was titrated with potassium carbonate (5 
M) to pH 6.5-7.0 for the quantitative analyses of 
alanine, aspartate and glutamate. 


Metabolite analyses 


Succinate and propionate were analysed by us- 
ing an Eyela Carboxylic Acid Analyser S-14 
(Tokyo Rikakikai Co., Japan) with chemicals 
obtained from Sigma Chemical Co. (Mo, USA) as 
references for comparison. 

Aspartate was assayed according to the method 
of Bergmeyer et al. [6]. Alanine was assayed 
following the procedure of Williamson [7]. Gluta- 
mate was assayed following the procedure of Bernt 
and Bergmeyer [8]. The absorbance at 340 nm was 
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recorded using a Shimadzu UV-120 spectrophoto- 
meter. Metabolite content was expressed as «mol 
per g tissue. 


Determination of pH and bicarbonate content in the 
coelomic plasma 


Coelomic fluid was drawn throught a small inci- 
sion at the posterior end of the worm into a 
Intramedic PE 60 tubing (Clay Adams, USA) 
(inner diameter 0.76mm) connected to a 5 ml 
syringe prefilled with 0.5 ml of mineral oil. The 
fluid was quickly transfered to a cold test-tube 
containing 0.5 ml of mineral oil. Coelomic plasma 
was obtained by centrifugation as mentioned be- 
fore. The bicarbonate content in the plasma was 
determined enzymatically as total carbon dioxide 
using the Sigma Diagnostic Kit 130-A, following 
the procedure No. 130-UV. The pH of the coelo- 
mic plasma was measured with an Orion 501 digital 
ionalyzer and a combination electrode. 


Sample preparation for enzyme assays 


Worms were dissected, drained of coelomic 
fluid, blotted dry, weighed and homogenized as 
stated before in 5 volume (w/v) of freshly pre- 
pared ice-cold buffer containing 50 mM imidazole- 
HCl (pH 7.5), 50 mM NaF, 3mM EGTA, 1 mM 
DTT and 0.5 mM PMSF. The sample was centri- 
fuged as mentioned previously and a portion of the 
a supernatant fluid obtained was dialysed in a 
similar buffer but without PMSF for 3 hr and then 
used for the determination of pyruvate kinase and 
PEPCK activities. For the determination of 
adenylate deaminase (AMP deaminase), adenylo- 
succinate lyase (AMPS lyase) and adenylosuccin- 
ate synthetase (AMPS synthetase) activities, the 
sample was further centrifuged at 100,000 xg by a 
Beckman L8-80M ultracentrifuge for 1 hr and the 
supernatant fluid obtained was used. 


Enzyme assays 

Pyruvate kinase (PK) (ATP: pyruvate 2-O- 
phosphotransferase, EC 2.7.1.40) was assayed 
according to the method of Gutmann and Bernt [9] 
in a medium (2.75 ml) containing 120 mM trietha- 
nolamine-HCIl (pH 7.5), 16mM MgSO,, 90mM 
KCl, 1mM EDTA, 5mM (unless stated other- 
wise) PEP, 5mM ADP 0.15mM NADH, 7 itu 


lactate dehydrogenase (Sigma, MO) and 100 zl of 
sample. 

PEPCK (ITP: oxaloacetate carboxylase, EC 
4.1.1.31) was measured in the direction of ox- 
aloacetate formation based on a modification of 
the method of Colombo ef al. [10]. The assay 
medium (2.75) contained 65 mM PIPES (pH 6.6), 
1.5mM GDP, 5mM (unless stated otherwise) 
PEP, 20mM NaHCO;3, 3mM MnCl, 3mM 
MgCl, 0.15 mM NADH, 15 mM Naf, 5 iu malate 
dehydrogenase (Sigma, MO) and 100 «1 of sample. 
A blank was conducted with NaHCQ; being sub- 
stituted by NaCl, correcting for PK which might 
show some activity under the assay conditions. 

Activities of the above enzymes were deter- 
mined at 340nm and 25°C using a Shimadzu 
UV-260 spectrophotometer. Specific enzyme acti- 
vities were presented as «mol NADH oxidized per 
mg protein per min. 

AMP deaminase (EC 3.5.4.6) was assayed 
according to the method of Gibbs and Bishop [11]. 
AMPS lyase (EC 4.3.2.2) was determined accord- 
ing to the procedure of Casey et al. [1] by monitor- 
ing at 280 nm and 25°C the decrease in absorbance 
due to the disappearance of AMPS. AMPS synth- 
etase (EC 6.3.4.4) was also determined according 
to the method of Casey ef al. [12] with samples 
which had been dialysed over night in the extrac- 
tion buffer. 

The protein content in the samples were deter- 
mined according to the method of Bradford [13]. 
Bovine serum globulin dissoved in 25% glycerol 
was used as a standard for reference. 


Statistical analyses 


Results were presented as means+SE. The 
Student’s f-test and the analysis of variance test 
(one-way) were used to compare differences be- 
tween means wherever appropriate. Difference 
with p<0.05 were regarded as statistically signi- 
ficant. 


RESULTS 


At the end of the 48hr anoxic exposure, P. 
arcuatum was still capable of introvert invagination 
and muscular contraction upon being mechanically 
stimulated. No mortality was recorded for worms 
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kept in the experimental anoxic conditions for the 
various periods. 

Succinate was not detected in the tissue (detec- 
tion limit=0.05 ~mol/g) and coelomic plasma (de- 
tection limit=0.01 “mol/ml) of P. arcuatum kept 
in normoxia. However, they were present in the 
tissues and coelomic plasma in the worms exposed 
to various periods of anoxia in significant quanti- 
ties (Table 1). The alanine contents of the worm 
tissues also increased after anoxic exposure, with 
the greatest increment observed to be within the 
first 24hr of anoxia. However, the aspartate 
content decreased significantly only after the 24th 
hr of exposure to anoxia (Table 1). No significant 
change in the glutamate level was observed 
throughout the 48 hr of anoxic period. 


TABLE 1. 


Using the methods adopted in the present stu- 
dies, AMPS synthetase and AMPS lyase were not 
detected in the tissues of P. arcuatum although the 
assay methods gave positive results when samples 
of rat muscle were examined. The specific activity 
of adenylate deaminase in the tissue extracts from 
P. arcuatum was found to be 9.67+2.74 (n=3) 
ymol ammonia produced/30 min per mg protein. 

After 48 hr of anoxic exposure, the PK activity 
(Vmax) in the tissue extracts of P. arcuatum assayed 
at 5mM PEP was not significantly lower than that 
of the control. However, when assayed in the 
presence of 0.1mM PEP, the PK activity de- 
creased significantly after 36 hr of anoxic expo- 
sure. In contrast, the PEPCK activities at both 
saturating (Vmax) and subsaturating concentrations 


Concentrations (“mol/gww) of succinate, alanine, aspartate and glutamate in the body of P. 


arcuatum (without coelomic fluid), and the concentration (mM) of succinate in the coelomic fluid of P. 


arcuatum exposed to environmental anoxia for various periods. 


Data represent means+S.E. with the 


numbers of determinations on separate preparations of extracts from different animals in parentheses 


Anoxia Worm body (without coelomic fluid) Coelomic fluid 
duration 
(hr) Succinate Alanine Aspartate Glutamate Succinate 
0 N.D. (7) 0.64+0.07 (5) DS 220,28) (7) 1.22+0.04 (4) N.D. (2) 
12 So ae03 (7) 0.92+0.09 (5)* D-0sE0.37 (V7) 1.21+0.09 (4) 0.34+0.02 (5)* 
24 6.65+0.36 (7)* DAS zeU-2IL DAV ae0.22 ((S)) 1.33+0.05 (4) 0.58+0.05 (4)* 
36 7.84+0.38 (7)* DA VArae22, (O)* ilitseO.25 (1) 1.50+0.16 (4) 0.96+0.10 (5)* 
48 8.69+0.89 (7)* DQ SeIS) (O)* Lise 0.1 (7) 1.13+0.17 (4) Oise), 2 ()* 


* 


TABLE 2. 


significantly different from the control value at Ohr of anoxic exposure; N.D.=not detectable 


Specific activities (umol NADH oxidized/min per mg protein) of pyruvate kinase (PK) and 


phosphoenolpyruvate carboxykinase (PEPCK) assayed at saturating (5 mM) and subsaturating (0.1 
mM) PEP concentrations, and their ratios at the respective PEP concentrations, in the extracts from P. 


arcuatum (without coelmic fluid) exposed to environmental anoxia for various periods. 


Data represent 


menas+S.E. of 5 determinations on separate preparations of enzyme extracts from different animals 


Protein content 


Specific enzyme activity 


Specific enzyme activity at 


oe of worm body at 5mM PEP PK /PEPCK 0.1mM PEP ee Tea 

(hr) extract at 5mM PEP PEPCK PEP 
(mg/g ww) PK PEPCK PK (<10~3) 

0 2.84+0.16 WA ac OHO OS aeO002  wil“baew O-ilsae0.03 0.930.113, 195e5eelise, 

12 2.85 +0.10 WsiaeU es UO Sax00" AS dae74 WNsse00v 0.65+0.08 194.4+19.7 

24 2.83 +0.06 0.24+0.02 0:0122-0/002 2102216) 4053220502, 076-0 130M eee 

36 PeehVael PIM 0.27+0.04 0.014+0.001 19.8+£2.0 0.061--0.004* 0.70+0:09  95i1aa14e3" 

48 ZL -E0.16 0.29+0.05 0.013+0.001 21.5+1.9 0.040+0.008* 0.8940.11 44.94 5.5* 


* 


significantly different from the corresponding control value at Ohr of anoxic exposure 
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of PEP, were unaltered (Table 2). When the ratios 
of PK to PEPCK obtained at subsaturating PEP 
concentration were calculated, it was found that 
the results obtained for worms exposed to 36 hr 
and 48 hr of anoxia were significantly lower than 
that of the normoxic control (Table 2). 

The pH optima for PK and PEPCK activities 
were found to be 7.5 and 6.7, respectively (Fig. 1). 
The activity of PK was not affected by the presence 
of up to 70 mM bicarbonate (Fig. 2). However, 
the PEPCK activity increased drastically between 
0 and 10 mM of bicarbonate (Fig. 2). In addition, 
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Fic. 1. Effects of pH on the activities of pyruvate 


kinase (PK) and phosphoenolpyruvate carboxyki- 
nase (PEPCK) extracted from normoxic P. 
arcuatum. Each point represents the average of 5 
determinations. A=PEPCK (PIPES buffer); #= 
PK (imidazole buffer); O=PK (triethanolamine- 
HCI buffer). 


ApH 


RELATIVE ACTIVITY 


HCOz (mM) 


Fic. 2. Effects of increasing bicarbonate (HCO, ) con- 
centrations on the activities of pyruvate kinase (PK) 
and phosphoenolpyruvate carboxykinase (PEPCK) 
extracted from normoxic P. arcuatum. Each point 
represents the average of 7 determinations. @=PK; 
4 = PEPCK, &=changes in pH (ApH) in the assay 
medium. 


the PK of the control normoxic worm was less 
sensitive to inhibition by alanine compared to that 
of the anoxic one (Fig. 3). 

After 24 hr of anoxic exposure, the pH of the 
coelomic plasma of P. arcuatum decreased signi- 
ficantly, while the bicarbonate concentration in- 
creased significantly, as compared to those of the 
control (Table 3). 


1-0 


RELATIVE ACTIVITY 
i.e) 
ao 


O 
Earls ee Se ee Ee (Ce CR ee ee ee 
fe) 20 40 60 
ALANINE (mM) 
Fic. 3. Effects of increasing alanine concentrations on 


the activity of pyruvate kinase (PK) extracted from 
normoxic P. arcuatum and P. arcuatum exposed to 
48 hr of environmental anoxia. Each point repre- 
sents the average of 3 determinations. @=PK from 
anoxic worm; ©=PK from normoxic worm. 


TABLE 3. pH and the total carbon dioxide concen- 
tration (mM) in the coelomic plasma of P. 
arcuatum exposed to environmental anoxia for 
various periods. Data represent means+S.E. 


Anoxia Total 
duration n pH : ca 
(hr) carbon dioxide 
0 5 7.42 +0.04 1.04 + 0.06 
12 5 7.25 +0.04 1.09+0.13 
24 4 7.07 +0.06* 1.60 + 0.23" 
36 4 7.04 +0.04* 1.66+0.11" 
48 5 6.69 +0.12* 1.73+0.14° 


* significantly different from the corresponding 
control value at Ohr of anoxic exposure 


DISCUSSION 


P. arcuatum could survive 48 hr anoxic expo- 
sure. During this period, significant amounts of 
succinate was accumulated in the tissue and coelo- 


mic plasma. 
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Different from the observations of Portner et al. 
[1] and Kreutzer et al. [2] on S. nudus, results 
reported herein confirmed the accumulation of 
alanine in P. arcuatum exposed to environmental 
anoxia. However, there was no indication of 
stoichiometric relationship between alanine accu- 
mulation and aspartate degradation during various 
periods of anoxic incubation. Moreover, the con- 
centrations of glutamate, which is involved in the 
conversion between alanine and aspartate, re- 
mained constant throughout the experimental 
period. Hence, the amino group of aspartate is not 
transferred to alanine in P. arcuatum as suggested 
by Portner et al. [1] for S. nudus. 

The carbon skeleton resulted from the degrada- 
tion of aspartate may be channelled to the forma- 
tion of succinate. However, the rate of aspartate 
degradation could not account for all the succinate 
accumulated in P. arcuatum throughout the 48 hr 
anoxic period. Twelve hours after incubation in 
anoxia, tissue succinate content rose to 3.62 ~mol/ 
g ww with no corresponding disappearance of 
tissue aspartate and, between the 36th and 48th hr 
of anoxic exposure, aspartate degradation in P. 
arcuatum ceased while accumulation of succinate 
continued. Hence, there must be another pathway 
involved in succinate fromation in P. arcuatum. 

In the snail, Helix aspersa {14], and the goldfish, 
Carassius auratus |5]|, succinate can be formed 
through the operation of the purine nucleotide 
cycle. However, two enzymes involved in the 
cycle, AMPS synthetase and AMPS lyase were not 
detected in P. arcuatum making it improbable for 
the purine nucleotide cycle to operate in this 
organism. 

At the PEP branch point of glycolysis, PEP 
could either form pyruvate through PK or ox- 
aloacetate through PEPCK. Oxaloacetate can be 
further metabolized to form succinate and prop- 
ionate. Contrary to the report on the presence of 
almost undetectable PEPCK activity in S. nudus 
[1], both PK and PEPCK were present in P. 
arcuatum. 

After 48 hr of anoxic exposure, the PK activity 
in the tissue extracts from P. arcuatum measured 
at subsaturating PEP concentration was signi- 
ficantly lower than that of the control value 
obtained under similar assay conditions. It is 


possible that during anoxic exposure PK in P. 
arcuatum was deactivated by covalent modification 
as suggested by Storey [15]. Anoxia-induced phos- 
phorylation of PK resulting in a much less active 
enzyme form is probably the key mechanism re- 
ducing the PK activity in the anoxia state. Com- 
pared with the aerobic form, the anoxic variant of 
PK from the radular retractor of the whelk showed 
lower maximal activity, greatly reduced affinity for 
PEP, and enhanced inhibition by alanine [16]. In 
the whelk, changes in the levels of substrates and 
effectors of PEPCK, coupled with the strong de- 
pression of PK activity as a result of enzyme 
phosphorylation, are probably sufficient to prom- 
ote re-routing of PEP via PEPCK into the succin- 
ate pathway [17]. 

The formation of oxaloacetate through PEPCK 
in P. arcuatum exposed to anoxia would be further 
favoured by the combined effects of lower pH and 
increased bicarbonate content on the activities of 
PK and PEPCK in vivo. After 24hr of anoxic 
exposure, the pH of the coelomic plasma was 
significantly lowered. Since there may be a delay 
in the proton exchange between the intracellular 
and extracellular compartments [18], it is possible 
that the lowering of intracellular pH was even 
greater. Such a change in pH would enhance the 
PEPCK activity as its pH optimum was 6.7 and 
suppress the PK activity, which has a pH optimum 
of 7.5, in situ. In addition, the accumulation of 
bicarbonate in the worm upon anoxic exposure, as 
reflected by the increased bicarbonate concentra- 
tion in the coelomic plasma, would enhance the 
activity of PEPCK as it is a substrate for the 
carboxylation reaction. 

The increased alanine content in P. arcuatum 
exposed to anoxia would further inhibit the PK 
activity in situ. Alanine can increase the Michaelis 
constant Kmpgp) of PK and reduce its maximum 
catalytic rate. At the same time, it reverses the 
ITP inhibition on PEPCK, enabling PEPCK to 
work faster [19]. 

Hence, it would appear that the formation of 
succinate in P. arcuatum involves the PEPCK 
route at the PEP branch point of glycolysis. As to 
why Portner et al. [1] were unable to detect 
PEPCK in S. nudus, it is possible that the condi- 
tions of the assay system adopted [20] in their 
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studies were not optimal for the enzyme of the 
sipunculid worm. The pH of the assay medium 
recommended by Utter and Kurahashi [20] was 
7.4-7.6 which deviates significantly from the pH 
optimum of 6.7 obtained for the PEPCK of P. 
arcuatum in the present studies. At this pH range, 
the PEPCK activity obtained would be lowered by 
50-60% as compared to that determined at the 
optimal pH. 
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Mature Cells Attracting Cells of the Complementary Mating Type 
in Euplotes woodruffi syngen 3 (Ciliophora, Hypotrichida) 


TOSHIKAZU KOSAKA 


Zoological Institute, Faculty of Science, Hiroshima University, 
Hiroshima 730, Japan 


ABSTRACT—A trap for attracting ciliate cells was devised. By using the trap and cells of Euplotes 
woodruffi syngen 3, effects of gamone-like substance on attraction of cells were studied. Various types 
of cells such as the same mating type cells, complementary mating type cells, conjugating pairs, 
exconjugants and immature cells were used as bait in the trap. The cells were prepared for bait by 
freeze-thawing. Mature cells were attracted to the complementary mating type cells, but not to the same 
mating type cells and immature cells. Gl phase cells as well as late S to D phase cells attracted the 
complementary mating type cells. Conjugating pairs, both selfing and heterotypic pairs, and even 
exconjugant cells had strong attraction for mature cells. Exconjugant cells which were at 6 cell divisions 
after conjugation had lost their attracting ability. Immature cells, on the contrary, showed no interest in 
mature cells. Food organisms for bait gathered both mature and immature cells more rapidly than 
mature cells did. Preliminary studies showed that mature cells of E. woodruffi syngen 3 had no effect of 
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attraction of mature cells of E. woodruffi syngen 1 and E. aediculatus. 


INTRODUCTION 


In the heterotrichous ciliate, Blepharisma japo- 
nicum [{1, 2], the gymnostome ciliate, Dileptus 
anser {3] and the hypotrichous ciliates, Euplotes 
patella [4], E. octocarinatus [5], E. raikovi [6], and 
Oxytricha bifaria [7], it is known that mature cells 
excrete gamones or mating type pheromones into 
their culture medium, which make G1 cells of the 
complementary mating types prepare for and in- 
duce conjugation. In these species, conjugation 
occurs following recognition of the complementary 
mating type cells by gamones. 

When mature cells excrete gamones into their 
surrounding water in nature, it would seem logical 
that the complementary mating type cells recog- 
nize the gamones and approach closely the origin 
of the gamones. Although many studies have been 
done about inducing conjugation by gamones and 
the chemical properties of gamones [1, 2, 8, 9, 11- 
14], it has only been proven in B. japonicum that 
gamones actually attract the complementary mat- 
ing type cells [10]. 
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It has been reported in Euplotes woodruffi 
syngen 3 that mature cells not only in G1 phase but 
also in S and D phases induce selfing [15]. The 
implication that even S and D phase cells excrete 
gamones, which is very different from the results in 
the other Euplotes species, indicate that gamones 
might have an important effect in addition to 
making competent cells undergo conjugation. In 
other words, gamones might have another effect 
by increasing the cell density and increasing the 
chance for mating by inducing complementary 
mating type cells to approach each other closely. 

To test this possibility, a method for attracting 
cells by gamones was devised. By using this 
method and many kinds of cells which were in 
immaturity or maturity, in Gl phase or late S to D 
phase, in conjugation, and exconjugants, attrac- 
tion of cells was examined. 


MATERIALS AND METHODS 


Stocks and culture conditions 

The stocks used in this experiment were three 
complementary mating type stocks, SJ-45, SJ-24 
and EZL-7, of Euplotes woodruffi syngen 3. Of 
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these stocks, stock EZL-7 frequently underwent 
selfing in cultures. All stocks were cultured and 
kept at 20-21°C-in a wheat infusion (40 wheat 
grains per | of distilled water, boiled for 10 min), 
and were fed with the colorless flagellate Chilomo- 
nas paramecium which was cultivated in the same 
medium. In addition to these stocks of E. wood- 
ruffi syngen 3, two stocks of E. woodruffi syngen 1 
and two stocks of E. aediculatus (all in maturity) 
were used. 


Methods for attracting cells by various types of cells 
as baits 


For testing the attraction of cells, an apparatus 
was devised for this purpose, and is shown in 
Figures 1 and 2. Ina glass Petri dish which is 9 cm 
in diameter, 40 ml of 0.05% Van’t Hoff artificial 
sea water was contained as an experimental solu- 
tion. 400 living cells which were in the mature or 
immature periods were added to the solution after 
washing two times by the same solution. To trap 
the living cells, hollow glass tubes of 3 cm in length 
were used (Fig. 2). In the hollow glass tubes, 


Fic. 1. An apparatus for attracting living cells. Arrows 
show marks on the fishing line. By the marks, the 
kinds of bait are easily distinguished. Usually, two 
to four glass tubes are put in the Petri dish. Here 
three tubes which are settled at regular intervals are 
seen. 
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Fic. 2. A glass tube for trapping living cells. Absorbent 


cotton to which were absorbed various kinds of cells 
is set in the center of the tube for bait. Cotton is also 
needed in the control experiments, because cells 
gathered in the tube are easily pushed off the tube 
by a current without cotton in the tube. The center 
of the tube is tied with a fishing line. The line is very 
important to fix the glass tube on the bottom of the 
Petri dish. Without the line, the glass tube rolls on 
the Petri dish, and frequently crushes euplotes 
creeping on the bottom of the dish. 


absorbent cotton to which had been attached va- 
rious types of cells as bait was set. The baits, which 
were prepared by freeze-thawing, were cells of the 
same mating type or complementary mating types, 
selfing pairs, heterotypic conjugating pairs, excon- 
jugants and immature cells, because it is difficult to 
keep living cells in glass tubes. Thirty G1 phase or 
15 S to D phase cells in 20 wl of an experimental 
solution were frozen and thawed, and used as the 
freeze-thawed cells (lysed cells) which were 
absorbed to a small amount of absorbent cotton. 
Then the cotton was inserted into a glass tube by 
using a teasing needle. The glass tube was filled 
with an experimental solution, and settled in a 
Petri dish. It has already been reported that the 
lysed cells as well as cell-free fluid and living cells 
have the same effects in inducing conjugation [15]. 
For obtaining selfing pairs, Kosaka’s method for 
inducing selfing was used [15]. 

To avoid the effect of light, the Petri dishes were 
put into a light-tight metal box. Then the box was 
put in the incubator at 20-21°C. 

To know when the effect of bait should be 
measured, the attraction of cells by bait with time 
was examined. The results are shown in Figure 3. 
The results show that the maximum peak of the 
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TABLE 1. 
attraction of living cells 


Effect of baits prepared with various number of freeze-thawed cells on the 


Stock used 


No. of cells for bait 


No. of cells attracted 


Experiment 1 Experiment 2 


SJ-45 5 


SJ-24 5 


30 


31 (2) 32 (0) 
39 (2) 54 (2) 
37 (2) 73 (2) 
40 (1) 85 (0) 
26 (5) 5 (0) 
16 (3) 36 (3) 
39 (8) 55 (5) 
41 (6) 47 (4) 


Cells from stock EZL-7 were used as bait. 


Attracted cells from control experiments in which 


only absorbent cotton was used as bait are shown in parentheses. 


100 


No. of cells 
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Fic. 3. Attraction of living cells into a trap by bait with 
time. A: Living cells were from stock SJ-45. The 
bait was prepared from the cells of stock EZL-7 (©). 
Only absorbent cotton was used in the control 
experiment (@). B: Living cells were from stock 
SJ-24. The bait (©) and the control (@) are the same 
as Fig. 3A. 


effect of bait was seen between 18 and 24hr. 
Following these results, cells gathered in the glass 
tube were counted 20 to 21 hr after the start of the 
experiment. 

The effect of the number of bait cells on the 
attraction of living cells were studied, and are 
shown in Table 1. The results show that from 5 to 
30 cells had an attracting ability, and that 30 cells 


were the most effective among them. Therefore 30 
cells were used in each bait for attracting cells. 
However, in the case of conjugating pairs, 15 pairs 
were used instead. 


RESULTS 


Attraction of mature cells by complementary mating 
type cells 


Living cells from three stocks, SJ-45, SJ-24 and 
EZL-7, were used to test the effect of one mating 
type cells on the complementary mating type cells. 
Three different baits were used: one of the same 
mating type, one of the complementary mating 
type and one control. The results from two 
experiments are shown in Table 2. It is clear that 
living cells from each of the three stocks were 
attracted only to the bait made from the com- 
plementary mating type stock, and not attracted to 
the bait made from the same mating type stock nor 
to the control. Table 3 shows the results when two 
different mating type stocks were used simul- 
taneously in the same dish as the baits. The results 
show that each of two different mating type stocks 
attracted: the complementary mating type cells. It 
also seems that each mating type cells had a 
preference for one of the two different mating 
types: stock SJ-45 much preferred the bait from 
stock EZL-7 to that from stock SJ-24; stock SJ-24 
preferred the bait from stock EZL-7 to that from 
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TABLE 2. Effect of baits on the attraction of living cells 
No. of cells attracted 
Stock used Stock source of bait 
Experiment 1 Experiment 2 
SJ-45 EZL-7 131 106 
SJ-45 3 2 
Control 4 6 
SJ-24 SJ-45 46 45 
SJ-24 2 0 
Control 5 5 
EZL-7 SJ-45 56 54 
jayZ) Wey 5 
Control 2 
Only absorbent cotton was used in the control experiments. 
TABLE 3. Effect of baits on the attraction of living cells 
No. of cells attracted 
Stock used Stock source of bait 
Experiment 1 Experiment 2 
SJ-45 SJ-24 12 7 
EZL-7 118 53 
SJ-45 Z 1 
Control 1 3 
SJ-24 SJ-45 20 16 
EZL-7 69 124 
SJ-24 4 0 
Control 7 8 
EZL-7 SJ-24 68 32 
SJ-45 48 Sl 
EZL-7 6 6 
Control 1 2 
Only absorbent cotton was used in the control experiments. 
TABLE 4. Effect of Gl-phase cells or late S-phase and D-phase cells on the attraction of living cells 
No. of cells attracted 
Stock used Stock source of bait Stage of cell cycle 
Experiment 1 Experiment 2 
SJ-24 SJ-45 Gl 183 (9) 158 (5) 
[ates Sato.» 77 (8) 103 (2) 
SJ-45 EZL-7 G1 163 (0) 172 (0) 
late S to D 38 (6) 39 (4) 


Control experiments are shown in parentheses. 


than the 30 used for Gl-phase cells. 


Fifteen late S-phase to D-phase cells were used as bait, rather 
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stock SJ-45. However, EZL-7 cells gathered to the 
bait from stock SJ-24 as well as SJ-45. 

The effect of cell cycle phases on the attraction 
of cells was studied. Two stocks were used in these 
experiments. When cells from stock EZL-7 were 
used as living cells, the cells very often underwent 
selfing at a high rate when induced by the baits 
which were made from complementary mating 
types. So living cells of this stock were omitted in 
the subsequent experiments. In these experi- 
ments, the number of cells used as bait were 30 in 
G1 phase, while 15 in late S to D. It is considered 
that one late S to D phase cell is approximately 
equivalent to two G1 cells, because the former is 
just the predividing cell. The results are shown in 
Table 4. The results show that both the G1 phase 
cells and the late S to D phase cells from the 
complementary mating types have an ability to 
attract cells. 


Attraction of mature cells by conjugating pairs and 
exconjugants 


Whether conjugating pairs and exconjugants 
still kept an ability for attraction of mature cells 
were studied. The results of the attraction of cells 
by conjugating pairs are shown in Table 5. The 
results show that both selfing pairs and heterotypic 
pairs kept their ability for attraction. 

The attraction of cells by exconjugants prior to 
any fissions is shown in Table 6. The results show 
that the exconjugants from selfing and heterotypic 
pairs still kept their ability for attraction. 

Studies were also done to determine whether 
cells in early immature period still kept an ability 
to gather cells. As 30 cells were needed as one unit 
of bait, exconjugant cells were used at about 6 cell 
divisions after conjugation. The results are shown 
in Table 7. It is seen that the cells after undergoing 


TaBLe5. Effect of selfing and conjugating pairs on the attraction of living cells 


No. of cells attracted 


Experiment | Experiment 2 


Stock used Source of bait 
SJ-45 SJ-24 

(Selfing pairs) 
SJ-45 EZL-7 

(Selfing pairs) 
SJ-45 SJ-24 x EZL-7 

(Conjugating pairs) 
SJ-24 SJ-45 x EZL-7 


(Conjugating pairs) 


102, (4) 1 15 (3) 


105 (7) 187 (4) 
214 (6) 197 (14) 
188 (7) 192 (7) 


15 pairs were used for bait at 1 to 2 hr after pair formation. Control experiments are shown in 


parentheses. 
TABLE 6. Effect of exconjugants on the attraction of living cells 
No. of cells attracted 
Stock used Source of bait 
Experiment | Experiment 2 
SJ-45 ‘EZL-7 103 (4) 57 (3) 
(Selfing) 
SJ-24 x EZL-7 93 (4) 80 (11) 
(Conjugation) 
~ $J-24 EZL-7 I11 (2) 133 (6) 
(Selfing) 
SJ-45 x EZL-7 74 (3) 81 (8) 
(Conjugation) 


30 exconjugants were used for bait at about 20 hr after pair formation. One macronuclear 
anlage was seen in each exconjugant. Control experiments are shown in parentheses 
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6 cell divisions had already lost an attracting same time. The results show that the com- 
ability. plementary mating type cells were endowed with 

In Table 8 are shown the results when immature an attracting ability, but immature cells had no 
cells as well as mature cells were used as bait atthe effect of attraction, when both complementary 


TABLE 7. Effect of immature cells on the attraction of living cells 


No. of cells attracted 


Stock used Source of bait 

Experiment 1 Experiment 2 
SJ-45 SJ-45 X EZL-7 12 (10) inl ()) 
SJ-24 SJ-45 x SJ-24 2 (8) 6 (7) 


Immature cells were at about 6 cell division age. Control experiments are shown in 
parentheses. 


TABLE 8. Effect of immature cells on the attraction of living cells 


No. of cells attracted 


Stock used Source of bait 
Experiment 1 Experiment 2 
SJ-45 Immature cells of G1 phase’ 9 13 
EZL-7 157 205 
Control 11 6 
SJ-45 Immature cells of G1 phase’ 15 18 
SJ-45 18 14 
Control 8 DD 
SJ-45 Immature cells of S to D phase” 6 2 
EZL-7 56 51 
Control 1 3 
SJ-45 Immature cells of S to D phase” 4 0 
SJ-45 11 D 
Control 9 3 


") Immature cells were at 6 cell division age and originated from an exconjugant clone from a cross 
between stock SJ-45 and stock EZL-7. 
*) 15 late S-phase to D-phase cells were used for bait, and originated from the same clones as”. 


TABLE 9. Effect of mature cells on the attraction of immature cells 


No. of cells attracted 


Immature clone used Source of bait 
Experiment 1 Experiment 2 
Clone 5 Immature cells 1 il 
SJ-45 il 5) 
Control 3 3 
Clone 5 Immature cells 5) 4 
EZL-7 10 5) 
Control se) 0 


Immature clones originated from a cross between stock SJ-45 and stock EZL-7, and were within 15 
fission age. Immature cells were the same as those in TABLE 8. 
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mating type cells and immature cells were in 
existence in the same place. On the other hand, 
when there were both immature cells and the same 
mating type cells, both types of cells failed to 
attract any cells. These results also indicate that 
the immature cells had already lost their attracting 
ability toward mature cells by the 6th cell division. 

Late S to D phase cells in the immature period 
were used as bait instead of G1 phase cells. The 
results are shown in Table 8. From the results, it is 
seen that the immature cells of late S to D phase 
had no attracting effect on mature cells. These 
results and the results mentioned earlier show that 
cells from the immature period lost their attracting 
ability throughout all stages of the cell cycle. 

The reverse situation, whether mature cells 
attract immature cells was studied. The results in 
Table 9 show that the immature cells were not 
attracted to the mature cells. 


Attraction of cells by food organisms 


Attraction of immature and mature cells by food 
organisms was studied. At first, the relation be- 
tween time and the number of cells gathered 
toward food organisms was examined, and shown 
in Figure 4. In these experiments, four traps were 
used: one containing living food organisms, one 
with complementary mating type cells, one with 
the same mating type cells and one control. From 
the results, it is seen that the food organisms 
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gathered cells far faster than the other baits. The 
attraction of the complementary mating type cells 
seemed to usually occur 12 hours after treatment 
(Fig. 3). The results of the attraction of cells by 
food organisms, complementary mating type cells 
and the same mating type cells are shown in Table 
10. From the results, it is seen that food organisms 
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Fic. 4. Attraction of living cells into a trap by various 


baits with time. A: Experiment |. B: Experiment 2. 
Cells of stock SJ-45 were used as living ones in the 
two experiments. The baits used were as follows: 20 
wl of concentrated Chilomonas paramecium as a 
food organism (©); cells of stock EZL-7 (@); cells of 
stock SJ-45 (4.); absorbent cotton only (1). 


TABLE 10. Effect of food organisms on the attraction of living cells 


Stock or clone used Source of bait 


No. of cells attracted 


Experiment | Experiment 2 


EZL-7 
SJ-45 
Food 


Control 


SJ-45 


SJ-45 
SJ-24 
Food 


Control 


SJ-24 


Food 
Control 


Immature clone 


77 73 


0) 4 
116 151] 
4 4 
36 35 
1] 2 
74 81 
10 5 
102 94 
7 2 


Living Chilomonas which were permeated into absorbent cotton were used as food organisms 


Immature clone was the same as in TABLEY. 
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gathered more cells than the complementary mat- 
ing type cells did when food organisms and the 
complementary mating type cells coexisted. 
Moreover, it is important to notice the fact that 
immature cells which could not be attracted by 
mature cells gathered to food organisms. 


Effect of baits on attracting cells in a larger con- 
tainer 


Does this type of trap used in these experiments 
really reflect the effect in nature? Preliminary 
study was done to know the effect of trap by using 
a larger container. Methods for the experiment 
are shown in Figure 5 where a container with 2 | of 
an experimental solution and eight traps are seen. 

To approach the situation of cell density in 
nature, the density was lowered from 10 cells/ml 
to lcell/ml. To avoid the effect of light, a 
container made of stainless steel which shut off 
light completely was used. The results are shown 
in Table 11. From the results, attraction of cells by 
the other mating type cells occurred in such a 
larger container and lower cell density. The results 
also may show the possibility of applying this type 
of trap to gather cells in nature. 


Effect of the cells of Euplotes woodruffi syngen 3 on 
the cells of closely related species 


Do mature cells of E. woodruffi syngen 3 gather 
cells of other Euplotes species? To answer this 
question, a study was made. Living cells originat- 
ing from two complementary mating types of E. 
woodruffi syngen 1 and those of E. aediculatus 
were used. Two different baits made from mature 


TABLE 11. 


Stock used Source of bait 


SJ-24 SJ-45 No. 


Control No. 


XNnf WN COD W kK 


20.5 cm 


+ 26.5 cm ——___>| 


Arrangement of glass tubes for traps in a larger 
container. Cells of stock SJ-24 were used as living 


Fic. 5. 


ones. Numbers 1, 3, 6 and 8 of the glass tubes 
contained the bait prepared from cells of stock 
SJ-45, while the others had only absorbent cotton in 
the glass tubes. 


cells of two stocks of E. woodruffi syngen 3 were 
used. The results are shown in Table 12. From the 
results, it is clear that cells of E. woodruffi syngen 
3 had no attracting effect on the cells of E. 
woodruffi syngen 1 and E. aediculatus. It seems 
that attraction of cells by mature complementary 
type cells is species specific. 


DISCUSSION 


The purpose of these experiments was to investi- 
gate whether mature cells of one mating type could 
attract mature cells of complementary mating 
types. For understanding how conjugation actual- 


Effect of bait on the attraction of living cells in a larger container 


No. of cells attracted 


Experiment 1 Experiment 2 


WZ 20 
12 15 
7 14 
10 6 
0 1 
0 1 
0 1 
1 0 
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TABLE 12. Effect of the cells of Euplotes woodruffi syngen 3 on closely related species 
No. of cells attracted 
Stock used Source of bait —~ —~— haa —— 
Experiment i Experiment 2 
E. woodruffi syngen 1 E. woodruffi syngen ig 
MY-1 SJ-45 2 11 
M-25 4 7 
Control 5 4 
E. woodruffi syngen 1 E. woodruffi syngen 3 TE IG onl 
MY-1 SJ-24 13 2 
M-25 12 5 
Control 18 i 
E. aediculatus Sae-5 E. woodruffi syngen 3 2 ti ao 
EZae-1 SJ-45 l 9 
Control 3 8 
E. aediculatus Sae-5 E. woodruffi syngen 3 4 2 
EZae-1 SJ-24 6 3 
Control 4 5 


Only absorbent cctton was used in the control experiments. 


ly occurs in nature, it is necessary to determine 
how mature cells approach and encounter cells of 
complementary mating types. In Blepharisma 
japonicum, gamone 2 attracts complementary mat- 
ing type cells [10]. However, no attempt to study 
this question has been made in other ciliate spe- 
cies. The results from the present experiments 
have made it clear that mature cells can attract 
cells of the complementary mating types: mature 
cells of complementary mating types, releasing 
gamones into their surroundings, affect each other 
and increase their cell density to improve their 
chances for mating. This finding that mature cells 
attract complementary mating type cells is the first 
one in the hypotrichous ciliates. 

Lysed cells instead of cell-free fluids (= 
gamones) and living cells were used in these ex- 
periments, because lysed cells were the easiest to 
handle among the three. It has already been 
reported that lysed cells as well as cell-free fluids 
and living cells have an ability to induce mating 
[15]. This indicates that lysed cells have an ability 
to induce mating as gamones do. Moreover, lysed 
cells of one mating type attracted only the com- 
plementary mating type cells, but not the same 
mating type cells. Lysed cells from the immature 


period have no effect on attracting mature cells. 
For these reasons, the substances released from 
lysed cells of the mature period, which induce 
mating in the complementary mating type cells and 
attract them, might be considered to be gamones. 

Attraction of mature cells were made by not 
only lysed G1 phase cells but also lysed late S to D 
phase cells. However, mature cells were not 
attracted by lysed cells from the immature period. 
These results seem to be closely related to the 
finding that lysed cells of G1, S, and D phases in 
maturity induce mating in complementary mating 
type cells [15]. Because species in nature seem to 
live in a low population density, it is reasonable to 
consider that mature cells are releasing gamones 
into their surroundings throughout the entire cell 
cycle to attract mature cells toward one another 
and aid them in carrying out conjugation. Using 
the gamones, dispersion of mature cells also might 
be prevented. 

Mating, pairs and exconjugants still have an 
attracting ability. Although pairs and excon- 
jugants could not undergo further mating for 
structural reasons, that they maintain their attrac- 
tiveness seems to be important. As immature cells 
lost an attracting ability within 6 cell divisions after 
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conjugation, the production of gamones must be 
stopped at the early stage of immaturity in the life 
cycle. From the results that pairs and exconjugants 
but no immature cells maintained the attracting 
ability, it could be presumed that both pairs and 
exconjugants still release gamones into their sur- 
roundings. 

Mature cells attracted neither cells of the same 
mating type nor cells in the immature period. 
These results show that cells of the same mating 
type seem apparently to be similar to those of the 
immature period. However, as cells of the same 
mating type could attract cells of the com- 
plementary mating types, there clearly are differ- 
ences between the cells of maturity and those of 
immaturity. This may be caused by an absence of 
receptor(s) for the gamone(s) in cells of the imma- 
ture period. It is known in Euplotes octocarinatus 


Fic. 6. 


that cells express no gamones and gamone-specific 
receptors during the immature period [16]. A 
situation similar to that in E. octocarinatus may be 
present in E. woodruffi syngen 3 as well. 

That gamones induce complementary mating 
type cells to prepare for mating is true [1-7]. 
However, in the earlier laboratory works, experi- 
ments were done in a situation of a higher cell 
density (1,000 to 10,000 cells/ml in Blepharisma 
Japonicum, Oxytricha bifaria, Euplotes octocarina- 
tus and E. raikovi) [2, 5—7, 9]. Also gamones were 
obtained from cultures of a higher cell density. On 
the other hand, from my experience, species simi- 
lar to these in size have never been observed at 
such a high cell density in nature. For example, in 
the Euplotes woodruffi complex, a cell density of 
each syngen was under 1 cell/ml at the densest. 
Also, natural population of any one species by no 


als “2$-: mature cells -a- -23— : dividing mature cells 
© _: an immature cell E® 


: a dividing immature cell 


: an exconjugant 


= i a conjugating pair 


Possible processes to conjugation in nature. One species is figured as the nucleus of the ciliate population 


here. A: attraction of many ciliate species by food organisms; B: a ciliate population consisting of many species; 
C: dispersion of many species. Many other species and immature cells of the same species are leaving the area, 
while mature cells of the same species still remain and even are gathering to increase their density; D: formation 
of conjugating pairs. Small arrows around cells indicate excretion of gamone(s). The other marks (@, 0, 4, A, 


>, @,| |, HB) show the other species. 
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means consisted only of mature cells. The total of 
adolescent cells and mature cells in general never 
exceed 50% of cells in any one population [17, 
unpublished data]. Furthermore, many other spe- 
cies are living together in the same place. Judging 
from these observations, the situation used in the 
earlier laboratory works (two different mating 
types being mixed under very high cell density or 
very high concentration of gamones being mixed 
with a high density of cells) actually never occurred 
in nature. 

However, occurrence of mating in nature is also 
true. Sexual reproduction is one of the most 
important processes for rejuvenation: species with 
an ability for sexual reproduction, either conjuga- 
tion or autogamy, age when undergoing only bin- 
ary cell divisions, and finally die [18-25]. Then, 
how do mature cells find their mates and complete 
sexual reproduction? A possible process, which is 
shown in Figure 6, is presented based upon the 
results that mature cells attracted the com- 
plementary mating type cells of the same species. 
First cells of several species which are in various 
life cycle stages are attracted by food organisms 
(Fig. 6A). This hypothesis is well-grounded: Food 
organisms attract cells, both immature and ma- 
ture, of all mating types. Thereafter, many species 
gathered around food organisms (Fig. 6B). As a 
result of gathering, a population consisting of 
many species in immaturity or maturity is made 
and is distributed in a patchy cluster. It is known 
that ciliates are distributed and live in patchy 
clusters [26-28]. Cell density has to become de- 
nser initially. Cells approaching each other more 
closely make possible the recognition of gamones 
of the complementary mating types by mature 
cells. Cells that have finished eating food organ- 
isms begin to carry out cell divisions, further 
increasing cell density (Fig.6C). As both Gl 
phase and dividing mature cells excrete gamones, 
mature cells approach the cells excreting different 
gamones. In Blepharisma japonicum, it has been 
reported that type I cells respond to extremely low 
concentration of gamone 2 [10]. Immature cells of 
the same species as well as the other species start 
dispersing to find new food organisms. It is 
expected that the approach of more mature cells 
and maintaining them in same area continues to 


increase the concentration of gamones in the sur- 
roundings. This situation also may stimulate com- 
plementary mature cells which are scattered 
around food organisms to respond and make them 
add to the mature population. Finally, conjuga- 
tion begins to occur between complementary mat- 
ing type cells of the same species (Fig. 6D). It 
seems appropriate to think that conjugating pairs 
start to be made when food organisms are ex- 
hausted by ciliate species in a patchy cluster, 
because conjugation generally occurs between ma- 
ture cells when a culture condition is rapidly 
changed from an abundant food condition to a 
food-poor condition. As conjugating pairs and 
probably exconjugants also were _ releasing 
gamones into surroundings, a concentration of 
gamones around a cell population will become 
stronger. This would draw more mature cells to 
the cell population. Immature cells after conjuga- 
tion, which had already lost an attracting ability at 
the 6th postzygotic cell division at most, are no 
longer kept there by gamones, and then leave the 
place to seek food organisms in the early stage of 
life cycle. 

Lysed cells of one mating type have attracted 
selectively complementary mating type cells of the 
same species. This is the first attempt in ciliates to 
gather mature cells by lysed cells of com- 
plementary mating types. When this method is 
applied in nature in future, it is anticipated that 
mature cells will be able to be gathered effectively 
by traps. 
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ABSTRACT—Hemagglutinating activity for human type A erythrocytes was detected in seminal 


plasma of the sea urchin, Hemicentrotus pulcherrimus. 


Only N-acetyl-D-galactosamine showed any 


inhibitory effect against the hemagglutinating activity of the seminal plasma. The hemagglutinating 


activity required calcium ions. 


This hemagglutinin was purified by affinity chromatography and 


high-performance liquid chromatography on a TSKgel G3000SW column. A single band of protein 
was obtained after SDS-polyacrylamide gel electrophoresis of the purified hemagglutinin, correspond- 
ing to an apparent molecular weight of 12,000. The amino acid composition of the hemmaglutinin was 


determined. 


INTRODUCTION 


Two hemagglutinins have been purified from 
spermatozoa or seminal plasma of sea urchins. 
One of these, bindin, was purified from spermato- 
zoa of the sea urchins Strongylocentrotus purpur- 
atus and Strongylocentrotus franciscanus [1-3]. 
The agglutinating activity of bindin for erythro- 
cytes is inhibited by galactose [3], while that for sea 
urchin eggs is inhibited by sulfated fucans [4]. The 
second hemagglutinin is HPSPH I, which was 
purified from seminal plasma of the sea urchin, 
Hemicentrotus pulcherrimus. The agglutinating 
activity of this material for human type A erythro- 
cytes is inhibited by D-galactose and N-acetyl-D- 
galactosamine at relatively high concentrations 
(9.4 mM) [5]. 

In the present report, we describe the puri- 
fication of an N-acetyl-D-galactosamine-specific 
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hemagglutinin from seminal plasma of the sea 
urchin, Hemicentrotus pulcherrimus. 


MATERIALS AND METHODS 


Preparation of seminal plasma 


Semen of the sea urchin, Hemicentrotus pulcher- 
rimus was obtained by introducing 0.5 M KCl into 
coelom. Semen was filtered through four layers of 
gauze and centrifuged at 7,000 x g for 10 min. The 
supernatant was collected as seminal plasma. 


Purification of hemagglutinin 


Twenty-five ml of seminal plasma were diluted 
with 9 volumes of 0.055M NaCl solution and 
applied to a column of Sepharose-N-caproyl- 
galactosamine (13mm _ i.d.x60 mm), prepared 
according to the method described by Allen and 
Neuberger [6] and equilibrated with 0.1 M NaCl, 1 
mM CaCl, 10mM Tris-HCl, pH 8.0 (EB). The 
column was washed with 100 ml of EB and then 
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the hemagglutinin was eluted with 30 ml of 0.1 M 
N-acetyl-D-galactosamine in EB. The eluate was 
monitored by measurements of the absorbance at 
280 nm. The eluate was dialyzed against distilled 
water, lyophilized, solubilized in 0.2 M phosphate 
buffer (pH 6.8) and subjected to further purifica- 
tion on a JASCO HPLC system equipped with a 
JASCO BIP-I pump (Japan Spectroscopic Co., 
Tokyo). The sample was applied to a TSKgel 
G3000SW column (7.5 mm i.d. x 600 mm) purch- 
ased from Tosoh (Tokyo), equilibrated with 0.2 M 
phosphate buffer (pH 6.8). The sample was eulted 
at a rate of 0.5 ml/min and the eluate was moni- 
tored by measurements of the absorbance at 280 
nm. Protein was determined by the method of 
Lowry et al. [7] with bovine serum albumin as a 
standard. 


Assay for hemagglutinating activity 


Hemagglutinating activity was determined by 
serial 2-fold dilutions in microtiter U-plates. The 
maximum dilution at which hemagglutination 
occurred was taken as one unit of the hemagglu- 
tination titer. For assays of hemagglutinating 
activity, 25 ul of 0.15 M NaCl and 1 mM CaCh, 10 
mM Tris-HCl, pH 8.0 (TBS), and 25 ul of a 2% 
suspension (v/v) of a trypsin-treated and formalin- 
fixed human type A erythrocytes in TBS were 
added to 25 wl of the sample in TBS. The plates 
were kept at room temperature for 1 hr. 

The inhibition assay was carried out in the same 
microtiter U-plates, as follows. Twenty-five yl of 
TBS, containing 2 units of the seminal plasma 
hemagglutinin, were added to 25-1 aliquots of a 
2-fold serial dilution of solutions of various sugars 
in TBS, to which 25 yl of a suspension of human 
type A erythrocytes in TBS were added. The 
plates were kept at room temperature for 1 hr and 
then the hemagglutinating activity was examined. 
Inhibitory activity was expressed as the minimum 
concentration of each sugar that caused complete 
inhibition of hemagglutination. 


SDS-polyacrylamide gel electrophoresis 


Electrophoresis was carried out on 15% polyac- 
rylamide gels in the presence of SDS, by the 
method of Laemmli [8]. The gels were stained 
with silver [9]. A molecular marker kit containing 


fragments of myoglobin (BDH Chemicals Ltd., 
Poole, U.K.) was used to allow estimation of the 
molecular weight of the hemagglutinin. 


Amino acid analysis 


Amino acid analysis of the hemagglutinin was 
carried out with a reaction liquid chromatography 
system, model 655 from Hitachi, Ltd. (Tokyo), 
after hydrolysis of the sample for 24 hr in 6 N HCl 
at 110°C [10]. Cysteine was determined as cysteic 
acid after oxidation of the hemagglutinin by per- 
formic acid [11]. 


Chemicals 


D-Glucose, D-galactose, D-mannose, L-fucose, 
L-arabinose, D-xylose and lactose were purchased 
from Wako Pure Chemicals (Osaka). Methyl-a-D- 
mannoside was purchased from Fluka Chemie AG 
(Buchs, Switzerland). D-Glucosamine, D-galacto- 
samine, D-mannosamine, N-acetyl-D-glucosamine 
and N-acetyl-D-mannosamine were purchased 
from Nakarai Chemicals (Kyoto). N-Acetyl-D- 
galactosamine (GalNAc) and N-acetylneuramic 
acid were purchased from Sigma Chemical Co. (St. 
Louis, MO, U.S.A.). All the other reagents were 
of either HPLC or analytical grade. 


RESULTS 


Seminal plasma of the sea urchin, Hemicentrotus 
pulcherrimus, exhibited hemagglutinating activity 
for trypsin-treated and formalin-fixed human type 
A erythrocytes, as shown in Table 1. This hemag- 
glutinating activity was inhibited by the addition of 
8 uM N-acetyl-D-galactosamine. The other sugars 
tested in this system, namely, D-glucose, D- 
galactose, D-mannose, methyl-a-D-mannoside, L- 
fucose, D-glucosamine, D-galactosamine, D- 
mannosamine, N-acetyl-D-glucosamine, N-acetyl- 
D-mannosamine, N-acetylneuramic acid and lac- 
tose, did not inhibit the hemagglutinating activity 
when present at concentrations of 3.3 mM. When 
Ca** was absent from the reaction mixture, no 
hemagglutinating activity was detected. The activ- 
ity appeared when the concentration of Ca** was 
increased to 50 uM. Mg** had no effect on the 
hemagglutinating activity, even at concentrations 
as high as 3.3 mM. When the seminal plasma was 
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TABLE l. 


Purification of hemagglutinins from seminal plasma 


Total amount Total Specific Yield of 
Fraction of protein activity activity activity 
(mg) (units) (units/mg) (%) 
Seminal plasma 24 128,000 5,300 100 
Eluted from 0.5 50,000 100,000 39 
affinity column 
Separated by 
HPLC 
Fr. A 0.19 11,800 61,000 9 
Fr. B 0.21 26,000 120,000 20 


boiled for 30 sec, 75% of the total hemagglutinat- 
ing activity was lost. 

The diluted seminal plasma was applied to a 
column of Sepharose-N-caproylgalactosamine. Fi- 
gure 1 shows the elution profile. All fractions were 
collected and concentrated, and their activities 
were assayed. Most of hemagglutinating activity 
was concentrated in the fraction under the bar in 


Absorbance at 280 nm 


0 10 20 30 


Fraction number 


Fic. 1. Elution profile of seminal plasma of the sea 
urchin, H. pulcherrimus, from a column of Sephar- 
ose-N-caproylgalactosamine. The diluted seminal 
plasma was applied to the column, which had been 
equilibrated with EB. The column was first washed 
with 100 ml of EB. Then the sample was eluted with 
30 ml of 0.1 M GalNAc in EB. One ml of effluent 
was collected in each tube after the start of the 
elution with the sugar solution and the absorbance 
of each fraction at 280nm was measured. The 
broken line and the bar represent the fractions 
whose hemagglutinating activities were assayed. 


Figure 1. Affinity chromatography allowed recov- 
ery of 39% of the activity of the starting material 
with a 19-fold purification of the activity, as shown 
in Table 1. 

The active fraction was applied to a TSKgel 
G3000SW column and separated by HPLC into 
four fractions, as shown in Figure 2. The hemag- 
glutinating activities of the four fractions were 
assayed. Only fractions A and B exhibited any 
hemagglutinating activity, as shown in Table 1. 
The amount of activity in fraction A was less than 
that in fraction B and the specific activity of 
fraction A was lower than that of fraction B. 
Fraction B contained 20% of the starting activity 


S 
> 


= 
i) 


Absorbance at 280 nm 
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Fic. 2. Purification of the seminal-plasma hemaggluti- 
nin by HPLC. The active sample obtained by 
affinity chromatography was purified by HPLC on a 
TSKgel G3000SW column which was equilibrated 
with 0.2 M phosphate buffer (pH 6.8). It was eluted 
at a rate of 0.5 ml/min and the eluate was monitored 
by measurements of abosrbance at 280 nm. Arrow 
indicates the elution position of HPSPH I purified 
according to Method I described by Yamada and 
Aketa [5]. 


696 H. WATANABE, Y. SEIKE, T. MIYATA AND T. SUYEMITSU 


with a 23-fold purification, as shown in Table 1. 
Single bands of protein were obtained after 

SDS-PAGE of fractions A and B, respectively, 

with the same mobility, as shown in Figure 3. 


I 2 3 


Fic. 3. SDS-PAGE of seminal-plasma hemagglutinin 
purified by HPLC. Lane 1, standard proteins: 
myoglobin (Mr 16,949), myoglobin I and II (Mr 
14,404), myoglobin I (Mr 8,159). Lane 2, fraction A 
from HPLC. Lane 3, fraction B from HPLC. 


TABLE 2. Amino acid compositions of hemaggluti- 
nins from seminal plasma 


Hemagglutinins eluted by HPLC 


Amino acid Fraction A Fraction B 
(mol %) 

Asp JULI 1239. 
Thr 2.6 Doi 
Ser 10.4 8.5 
Glu 19.2 18.1 
Pro 4.1 4.6 
Gly 13)3) 13)e It 
Ala 6.7 Al 
Cys* 6.6 6.4 
Val 3.0 3.6 
Met OW, 0.6 
Ile 2.8 33) 
Leu 3.6 3.9 
Tyr Mj) hed 
Phe 3.4 4.2 
Lys 4.9 4.8 
His a 5) 
Arg Maj} 26 
Total 100 100 


* Estimated as cysteic acid after oxidation of the 
hemagglutinin by performic acid. 


They are corresponding to an apparent molecular 
weight of 12,000. 

The amino acid compositions of fractins A and B 
are given in Table 2. The amino acid composition 
of fraction A was very similar to that of fraction B. 
The similarity between fractions A and B in the 
amino acid compositions and the molecular 
weights determined by SDS-PAGE suggests that 
fraction A may represent the aggregated form of 
fraction B. Sugar specificity was assayed by inhibi- 
tion of hemagglutination caused by 2 units of frac- 
tion B. The results are given in Table 3. 


TABLE 3. Inhibition characteristic of the GalNAc- 


specific hemagglutinin 
ic 


Hapten I (mM) 
D-Glucose >50 
D-Galactose 10 
D-Mannose >50 
Methyl-a-D-mannoside >50 
L-Arabinose 20 
L-Fucose >50 
D-Xylose >50 
D-Glucosamine >50 
D-Galactosamine >50 
D-Mannosamine >50 
N-Acetyl-D-glucosamine >50 
N-Acetyl-D-galactosamine 0.004 
N-Acetyl-D-mannosamine >50 
N-Acetylneuramic acid >50 


Lactose 15 


See oe 
Lis the concentration of hapten required to inhibit the 
hemagglutination effected by 2 units of fraction B. 


DISCUSSION 


The amino acid compositions of the material in 
fractions A and B are different from that of bindin 
[2], whose molecular weight was reported to be 
30,500. The GalNAc-specific hemagglutinin de- 
tected in the seminal plasma can be concluded to 
be different from bindin because of the differences 
between the GalNAc-specific hemagglutinin and 
bindin in their molecular weights, amino acid 
compositions and sugar specificities [1-3]. 

The molecular wight of HPSPH I was reported 
to be about 140,000 and its agglutinating activity is 


Seminal-Plasma Hemagglutinin 697 


inhibited by D-galactose and GalNAc [5]. When 
ammonium sulfate precipitate of seminal plasma, 
fractionated according to the method of Yamada 
and Aketa [5], was applied to the column of 
Sepharose-N-caproyl-galactosamine, HPSPH I did 
not bind to the column under the condition de- 
scribed in Materials and Methods (data not 
shown). Moreover, when HPSPH I, purified 
according to Method I described by Yamada and 
Aketa [5], was applied to the TSKgel G3000SW 
column, it eluted at the different position from 
those of the GalNAc-specific hemagglutinins, as 
shown in Figure 2. All these results, as well as the 
differences between the GalNAC-specific hemag- 
glutinin and HPSPH I in their molecular weights 
and sugar specificities, suggest that the GalNAc- 
specific hemagglutinin reported in the present 
study is different from HPSPH I. 

The coelomic-fluid hemagglutinin has been 
purified from the sea urchin, Anthocidaris crassis- 
pina {12, 13]. However, the coelomic fluid of H. 
pulcherrimus exhibited no hemagglutinating activ- 
ity for human hype A erythrocytes. Therefore, the 
hemagglutinating activity in the seminal plasma 
was not due to contamination by the coelomic 
fluid. 

Many animal lectins have been documented; 
they play important roles in recognition processes, 
including those involved in adhesion between cells 
[14]. They can be roughly separated into two 
groups: the C-type (Ca**-dependent) animal lec- 
tins and the S-type (thiol-dependent) animal lec- 
tins. The C-type animal lectins require Ca** for 
activity and their usual location is extracellular 
[14]. The GalNAc-specific hemagglutinin in the 
seminal plasma of H. pulcherrimus requires Ca** 
and its location is extracellular. Therefore, the 
GalNAc-specific hemagglutinin can be assigned to 
the group of the C-type animal lectins. 

It is not likely that the hemagglutinin in the 
seminal plasma plays a significant role in the 
process of fertilization of sea urchin eggs, because 
the semen is rapidly diluted after it is spawned into 
sea water. Therefore, a biological role for the 
hemagglutinin remains to be established. 
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Properties of (Na*, K*)-ATPase in the Canine Kidney Cell Line 
(MDCK) and its Ouabain-Resistant Mutant 
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Itabashi-ku, Tokyo 173, Japan 


ABSTRACT—The properties of (Na*, K*)-ATPase from the Madin-Darby canine kidney cell line 
(MDCK) and its ouabain-resistant mutant (MDCK-OR) were compared using a microsomal fraction 
treated with sodium deoxycholate. In MDCK-OR, the activity of ouabain-insensitive Mg* *-ATPase 
increased, while that of (Na*, K*)-ATPase was less than that of wild-type MDCK. The parameters 
for Na* , Mg** and ATP were essentially the same in the two cell strains. However, the apparent Km 
of (Na*~, K*)-ATPase for K*~ was remarkably lower than that of MDCK. The ouabain-inhibition of 
the enzyme in MDCK was competitive to K* with an apparent Ki of 20nM. The half-maximal 
inhibition of the MDCK-OR cell enzyme by ouabain was noted at 2-5 uM, independent of the 
concentration of KCl. When the enzyme was preincubated with Na*, Mg**, ATP and various 
concentrations of ouabain, biphasic curves were obtained for enzyme inhibition. The enzyme activity 
low in sensitivity toward ouabain was found to be about 15% the total activity in MDCK but about 
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60% in MDCK-OR. 


INTRODUCTION 


The Madin-Darby canine kidney cell (MDCK) 
has been used as a model system for the study of 
renal transport in vitro, since MDCK retains some 
features of renai tubular epithelia [1, 2}. MDCK is 
sensitive to vasopressin but not to parathyroid 
hormone or calcitonin [3, 4], and can also synthe- 
size characteristic glycosphingolipids of dog kidney 
[3, 5-7]. Na* pumps have been demonstrated in 
MDCK by assay of (Na*~, K*)-ATPase activity 
(EC 3.6.1.3) [8, 10] and ouabain binding [2, 11]. 
Previously, we isolated an ouabain-resistant 
mutant (MDCK-OR) derived from MDCK [12] 
and noted remarkable changes in the glycolipid 
composition of the mutant [6, 7], thus indicating 
Na* pump activity to possibly be modulated by 
membrane glycolipids. Although several ouabain- 
resistant mammalian cells have been reported 
from other laboratories [13-18] and in two of these 
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strains two classes of ouabain binding sites were 
found to be present [14, 19], the features of the 
enzyme activity have yet to be clarified in detail. 
In the present study, various properties of (Na~, 
K* )-ATPase in wild-type MDCK and MDCK-OR 
were compared and the ouabain-resistant enzyme 
in MDCK-OR was found to be more sensitive 
toward K”* ion than the ouabain-sensitive enzyme 
in wild-type MDCK. 


MATERIALS AND METHODS 


Cells 


MDCK cells and an ouabain-resistant clone 
(MDCK-OR) were cultured as described previous- 
ly [3, 7, 12]. After being washed with phosphate- 
buffered saline (PBS), the cell monolayer at con- 
fluence was harvested with a rubber policeman. 
The packed cells were washed with PBS and with | 
mM EDTA in 0.25 M sucrose solution adjusted to 
pH7.4_ by _ tris(hydroxymethyl)aminomethane 
(Tris). It was then stored at —80°C until use. 
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Preparation of the microsomal fraction 


The method of Robbins and Baker was modified 
for preparation of deoxycholate-treated micro- 
somes [14]. About 500 mg wet weight of cells were 
suspended in 1.2 ml of 1!mM EDTA solution (pH 
7.4), followed by gentle stirring on ice for 20 min. 
To this suspension 120 wl of 5% sodium deoxycho- 
late (Sigma) in 1 mM EDTA solution were added 
(final concentration, 0.34%) and stirred for 20 
min. This solution was diluted with 7.2 ml of 
EDTA solution and centrifuged at 10,000 x g for 
15 min. The pellet thus obtained was treated again 
with sodium deoxycholate as mentioned above and 
centrifuged again to obtain a pellet (MT). The first 
and second supernatants were combined and cen- 
trifuged at 156,000xg for 2hr at 4°C, and the 
supernatant (Sup) was removed. The residual 
pellet (MS) was resuspended in EDTA solution at 
a concentration exceeding 2 mg protein per ml and 
stored on ice. The (Na*, K~*)-ATPase activity of 
this fraction was stable for more than 3 weeks. 


Assay of ATPase activity 


The standard assay mixture for total ATPase 
activity contained 30 mM histidine (pH 7.6), 100 
mM NaCl, 10mM KCl, 5mM MgCh, 3mM 
ATP(Tris salt) (Sigma) and an enzyme preparation 
(10-100 yg protein) in 0.5 ml. For assay of oua- 
bain-insensitive ATPase activity, KCl was omitted 
from the standard assay mixture and 0.5 mM oua- 
bain was added. The non-specific hydrolysis of 
ATP was assayed using the heat-inactivated en- 
zyme. (Na*, K*)-ATPase activity was estimated 
by subtracting the ouabain-insensitive activity 
from total ATPase. Mg’t-ATPase activity was 
estimated by subtracting non-specific ATP hydo- 
lyzing activity from ouabain-insensitive ATPase 
activity. The assay was performed at 37°C with 
shaking and terminated by the addition of 0.5 ml 
of a cold molybdate solution. The molybdate 
solution was prepared by dissolving freshly 
FeSO,:7H2O (736 mg) in 10 ml of 1.15 N H,SO, 
containing 1% ammonium molybdate. The reac- 
tion mixture was stirred, incubated for 3 min at 
37°C and cooled on ice. The solution was centri- 
fuged at 1,000g for 7 min, and the inorganic 
phosphate in the supernatant was measured col- 


orimetrically at 750nm. The ouabain-sensitive 
ATPase activity was proportional to incubation 
time between 0 and 35 min and the amount of 
protein between 0 and 100 ug. Protein content was 
determined by the procedure of Lowry et al. using 
bovine serum albumin as the standard [20]. 


RESULTS 


ATPase activity in wild-type MDCK cells and the 
ouabain-resistant mutant 


The activity of ouabain sensitive (Na‘, K*)- 
ATPase and Mg’t-ATPase of MDCK and 
MDCK-OR cells was determined in cell homogen- 
ates and in three subcellular fractions in triplicates. 
Microsomal fractions from both cells treated with 
sodium deoxycholate each showed (Na*, K*)- 
ATPase activity to be more than twice that of the 
homogenates, and total activity was recovered by 
more than 80% in each of these fractions as shown 
in Table 1. The MT and Sup fractions of both cells 
showed very low activity. The distribution of the 
activity in these subcellular fractions of the two cell 
types was the same. It is of interest that the 
specific activity of (Na*, K*)-ATPase in the 
microsome (MS) of MDCK-OR was only 57% the 
corresponding activity of MDCK (significance 
level P<0.001). In contrast, ouabain-insensitive 
Mg’**-ATPase activity in MS of MDCK-OR in- 
creased to as much as one and a half times that of 
MDCK. Specific enzyme activity in the other 
subcellular fractions and cell homogenates was 
essentially the same in MDCK and MDCK-OR. 
The kinetic parameters of microsomal (Na*, K~)- 
ATPase for ligands (Nat, Kt, Mg** and ATP) 
were determined from Lineweaver-Burk plots. 
The apparent Km values for K* of the MDCK and 
MDCK-OR enzymes were 1.7 and 0.5 mM, re- 
spectively (significance level P<0.02, Table 2). 
The apparent Km values of the MDCK-OR en- 
zyme for Nat, Mg** and ATP did not differ from 
those of MDCK enzyme, as evident from Table 2. 


Enzyme sensitivity toward ouabain inhibition 


The inhibition of MDCK (Na*, K*)-ATPase by 
ouabain was assessed at various concentrations of 
KCI (1, 3 and 10 mM) (Fig. 1A) and was found to 
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TaBLe 1. Distribution of (Na*, K*)-ATPase and Mg?*-ATPase activity in subcellular fractions 
Fraction Protein (Na*, K*)-ATPase Mg’ *-ATPase 
specific total specific total 
activity activity activity activity 
(%) (nmol/mg/min) (%) (nmol/mg/min) (%) 
MDCK cell 
Homogenate 61.8+7.8 BOM ik 
MT 18.8+1.3 10.4+3.8 2.83517 58.8+ 17.3 36.0+3.1 
MS 33.8+1.1 139,.§+5.9" 86.8 + 1.7 a,34. O00 55.0+2.4 
Sup 47.4+1.6 10.8+1.0° Bain op BY 5.4+ 0.4 9.0+2.2 
MDCK-OR cell 
Homogenate SI 1.0) 2 3d 
MT 18.34+1.2 14.94+9.7 8.6+4.7 2760s: OL) 28.8+3.5 
MS BBE 1-2 80.3 + 6.6" 79.9+6.1 74.3+ 7.46 60.1+4.5 
Sup 52.4+2.3 6.4+0.8° 11.4+1.3 7.6+ 0.6 A Tie 


Each value (mean+S.D.) was obtained from three separate experiments. 
Significance level by ¢-test: *, P<0.001; °, P<0.01; °, P<0.02. 
MT, 10,000xg pellet; MS, 10,000—156,000Xg pellet; Sup, 156,000 g supernatant. 


TABLE 2. 


Kinetic parameters of (Na*, K*)-ATPase in MDCK and MDCK-OR cells 


Apparent Km 


MDCK 


MDCK-OR 


Na~ (at 10mM K7~) 
K* (at 100mM Na“) 
Me?* 
ATP 

Ki for ouabain 


10.2 +0.6 mM (3) 

1.7 +0.2 mM (4)? 

0.54+0.09 mM (3) 

0.82+0.22 mM (3) 
20 nM 


I) tO tml 135) 
0.5 +0.1 mM (4)* 
0.65+0.12 mM (3) 
0.71+0.24mM (3) 
(2-5 nM)” 


Apparent Km values were obtained from Lineweaver-Burk plots. 


Standard assay conditions were used. Each value is the mean+S.D. of the experiments. 


parenthesis indicates the number of experiments. 
Significance level by f-test: “, P<0.02 


Figure in 


© Half-maximal inhibition was obtained from Fic. 1B. 


depend on the concentration of KCl. The lower 
the concentration of KCI, the lower was the con- 
centration of ouabain for half-maximal inhibition 
of the enzyme. When inhibition curves were 
drawn in a Dixon plot (data not shown), the lines 
converged at a point representing a Ki value of 20 
nM. Too, double reciprocal plots for various 
concentrations of KCl in the presence or absence 
of ouabain also converged on a point at the 
ordinate (data not shown). It would thus appear 
that inhibition by ouabain is in competition with 
K~ ions. The ouabain inhibition curves of 
MDCK-OR enzyme showed no dependence on 
KCl concentration (Fig. 1B). The ouabain concen- 


tration for half-maximal inhibition of the MDCK- 
OR enzyme was 2-5 uM (Table 2). 


Effect of preincubation on ouabain inhibition 


Following the preincubation of the MS fraction 
with Na*, Mg**, ATP and ouabain at various 
concentrations, the remaining activity of (Na’, 
K* )-ATPase was measured. The MS fraction of 
MDCK, preincubated for 10 or 20 min with oua- 
bain, was more sensitive to ouabain than without 
preincubation (Fig.2A). The ouabain high- 
sensitive enzyme activity was about 85% the total 
activity, the remaining being low at a concentra- 


tion of ouabain exceeding 10°’ M. 
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Fic. 1. Effect of KCl on the inhibition of (Na*, K*)- 
ATPase by ouabain. The enzyme assay was per- 
formed in the standard mixture or a mixture mod- 
ified for KCl concentration in the presence of the 
indicated concentrations of ouabain. The ratio of 
residual activity to total activity is shown. (A), 
MDCK: 10mM KCI (@); 3mM KCI (4); 1mM 
KCI (@). (B) MDCK-OR: 10 mM KCI (©); 3 mM 
KCI (4); 2mM KCl (mg); 1 mM KCI (@). 


The enzyme of MDCK-OR also gave biphasic 
curves for ouabain inhibition when preincubated 
with ouabain for 10 or 20min (Fig.2B). At 
concentrations of ouabain above 10° M, inhibi- 
tion was independent of preincubation time. The 
above low level of sensitivity increased to about 
60% the total activity in MDCK-OR. At ouabain 
concentrations below 10 ’M, inhibition was 
observed to depend on preincubation, as noted for 
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Fic. 2. Effect of preincubation with ouabain on the 
inhibition of (Na*, K*)-ATPase activity of MDCK 
(A) and MDCK-OR (B). Media containing 30 mM 
histidine, 100 mM NaCl, 5mM MgChL, 3 mM ATP 
and microsomal enzyme were preincubated with 
ouabain at the indicated concentrations at 37°C for 
10 min (®) or 20 min (4). Reaction was initiated by 
the addition of 10 mM KCl. Activity was measured 
as described in Materials and Methods. Data with- 
out preincubation (@) were taken from Fic. 1. 


the high-sensitive enzyme of MDCK. When the 
MS fraction of both cells was preincubated with 
10-’M ouabain, high-sensitive activity was inhi- 
bited to 0% the original activity within 10 min, 
while inhibition of the low-sensitive enzyme 
showed no change during preincubation of more 
than 10 min (Fig. 3). The low-sensitive enzyme of 
MDCK-OR was also confirmed to be inhibited at 
high ouabain concentration (above 10~°M) re- 
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Fic. 3. Time course of preincubation for the inhibition 
of the enzyme by ouabain. The enzyme of MDCK 
or MDCK-OR cells was preincubated with ouabain 
for the indicated times, and then assayed as de- 
scribed in Fic. 2. MDCK cell microsomes without 
ouabain (©), MDCK cell microsomes with 107’ M 
ouabain (1), MDCK-OR cell microsomes with 107” 
M ouabain (@) and MDCK-OR cell microsomes 
with 10~° M ouabain (@). 


gardless of the period of preincubation. 


DISCUSSION 


From the results presented above, it is evident 
that the specific activity of (Na~ , K~ )-ATPase of 
MDCK-OR is lower than that of MDCK. This 
quite consistent with the reduction in ouabain 
binding in the ouabain-resistant strains of MDCK, 
as reported by Soderberg er al. [19]. It is thus quite 
likely that the resistance of MDCK-OR to the 
cytotoxic effect of ouabain is due to the lower 
sensitivity of (Na~, K~ )-ATPase toward the in- 
hibitor. We previously found the (Na*, K°)- 
ATPase activity in an ouabain-resistant mouse cell 
line (JLS-V,OR) to be similar to that of wild-type 
cells [16]. The wild-type HeLa cell and its mutants 
have also been shown identical in enzyme activity 
[14]. However, enzyme activity corresponding to 
equal amounts of DNA (or cell number) was noted 
essentially the same in both MDCK and MDCK- 
OR cells, the ratio of protein to DNA(w/w) in 
MDCK and MDCK-OR being 30.4 and 55.5, 
respectively [7]. There has never been any indica- 


tion that ouabain-insensitive Mg* *-ATPase activ- 
ity is higher in a mutant cell than in a wild-type 
cell. 

The MDCK enzyme showed ouabain-inhibition 
of a competitive type with K* ions, while the 
inhibition of (Na*, K*)-ATPase of MDCK-OR 
by ouabain was not affected by K* ion concentra- 
tion. The apparent Km value for the MDCK-OR 
enzyme differed from that of the MDCK enzyme 
only for K* ions. Although a high Km value for 
the K* ions of the ouabain-resistant cell enzyme 
has been reported [14], a low Km value for these 
ions has never been indicated for ouabain-resistant 
cells. The low Km value for K* in the MDCK-OR 
enzyme indicates the ouabain-resistant enzyme of 
MDCK-OR to possibly be more sensitive to K* 
ions than the ouabain-sensitive enzyme of MDCK. 
The two different enzyme activities for the oua- 
bain-resistant HeLa cells [14] were also demons- 
trated in MDCK-OR and even in MDCK. The 
two classes of (Na*, K*)-ATPase could be dis- 
tinguished by their sensitivity to ouabain when the 
phosphorylated intermediate of the enzyme was 
preincubated with ouabain in the absence of K* 
ions [21]. Since the proportion of low-sensitive 
activity is considered the same as that of high- 
sensitive activity in the ouabain-resistant enzyme 
[14, 19], it appears strange that the proportion of 
the low-sensitive enzyme activity was 15% in 
MDCK and 60% in MDCK-OR. 

The ouabain-resistance of (Na*, K*)-ATPase 
has been ascribed to the primary structure of the a 
subunit of (Na*, K* )-ATPase [22]. However, the 
microenvironment of the enzyme in the plasma 
membrane may also be important for the function 
of the enzyme. Galactosyl sulfatide, a sulfated 
glycosphingolipid, may possibly be a cofactor of 
(Na*, K*)-ATPase [23-25]. Previously we re- 
ported changes in certain lipid components in 
MDCK-OR [6, 7] and the galactosyl sulfatide 
content of MDCK-OR to be 2.7 times that of 
MDCK [7]. Sulfatide thus appears to affect the 
ouabain binding site or K* binding site of (Na’ 
K* )-ATPase. 

EDTA-solubilized proteins which regulate oua- 
bain-sensitivity have also been reported [26]. 
Since in this study, a buffer containing EDTA was 
used for preparation of the microsomes, there 
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would of course not be the possibility that these 
proteins regulate ouabain-sensitivity in MDCK 
and mutant cells [27]. 
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Concanavalin A-dorsalized Ventral Mesoderm Mimics the 
Neural-inducing Activity of the Organizer 
in Cynops Embryo 
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and KENzO TAKATA® 


‘Department of Biology, School of Science, *Radioisotope Research Center, 
Nagoya University, Nagoya 464 and *Department of General Education, 
Doho University, Nagoya 453, Japan 


ABSTRACT—The neural-inducing activity of ventral mesoderm aged after Con A treatment was 
examined in detail. To determine the time at which this function was attained, Con A-treated ventral 
mesoderm was incubated at different time lapses and sandwiched between competent ectoderm 
explants. Neural-inducing activity was found have been acquired as early as about 15 hr after Con A 
treatment and was maximal about 24 hr after Con A treatment. Brain, spinal cord and small neural 
tissues were observed. 

Oligomannose-type oligosaccharide, a specific ligand of Con A, failed to inhibit dorsalization one 
hour after Con A treatment. This possibly hints that the ventral mesoderm might have been determined 
to proceed to dorsal differentiation about one hour from application of Con A. Autoradiographic 
observation showed accumulation of '*°I-Con A on or around the nucleus 24 hr after Con A treatment. 
This may suggest a possible role of the nucleus in the acquisition of neural-inducing activity of Con 
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A-dorsalized ventral mesoderm. 


INTRODUCTION 


In the early amphibian embryo, differentiation 
into a highly organized array of tissues and organs 
starts off as a result of a series of embryonic 
inductions. Two of these primary embryonic in- 
ductions, dorsalization and neural induction, are 
governed by the dorsal lip of the blastopore, 
so-called Spemann’s organizer [1-4]. Dorsaliza- 
tion takes place in the mesodermal marginal zone 
and involves the formation of a dorso-ventral 
hierarchy of tissues under the influence of the 
organizer, the dorsalmost mesoderm. Neural in- 
duction involves the formation of neural tissues 
from the archenteric roof through the influence of 
the invaginating organizer. 

Recently, we found evidence that treatment of 
the ventral mesoderm with Con A resulted in the 
differentiation of the dorsalmost tissue, the 
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notochord, with accompanying muscle and pro- 
nephros [5]. This dorsalizing effect of Con A on 
the ventral mesoderm appears to require interna- 
lization of the substance since immobilization of 
Con A on Sepharose beads did not result in 
dorsalization. On the other hand, Takata et al. [6- 
9] have suggested that in neural induction, Con A’s 
target site probably resides in the asparagine- 
linked, high mannose-type oligosaccharide-rich re- 
ceptors on the interior surface of the ectoderm. 
Con A has been unambiguously proven to mimic 
both the neural-inducing and dorsalizing functions 
of the organizer. Con A’s modes of action in 
dorsalization and in neural induction appears to be 
different from each other. 

In the foregoing paper [5], we presented pre- 
liminary evidence that Con A-treated ventral 
mesoderm was capable of inducing the competent 
This time, the 
acquisition of neural-inducing activity by Con A- 
treated ventral mesoderm was followed through 
time in greater detail, and the pattern was com- 


ectoderm to form neural tissues. 
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pared with that of the living organizer. Additional 
data on the mechanism of Con A action in dorsa- 
lization are also presented. 


MATERIALS AND METHODS 


Egg Handling 


Female Japanese newts (Cynops pyrrhogaster) 
were injected with 25-50IU’s of gonadotropin 
(Gonatropin, Teikoku Zoki, Tokyo, Japan) for 
three consecutive days. Eggs were collected and 
reared to early gastrula stage (St 11 according to 
the table of Okada and Ichikawa [10]) at 20°C. All 
microsurgical operations were done in Steinberg’s 
balanced salt solution (SBSS: 58mM NaCl, 0.67 
mM KCl, 0.58mM CaNO;3-4H,0, 1.3mM 
MgSO,:7H20 and 4.6mM Tris), pH 7.8, with 20 
yvg/ml of gentamycin (Gentamicin, Flow Labor- 
atories, Irvine, Scotland) at 20-25°C. 


Sandwich culture 


The outline of the procedure is shown in Figure 
1. All cultures were incubated at 20°C. Ventral 
mesoderm was microsurgically excised and for 
ease of handling, the explants were first allowed to 
remain in SBSS for about an hour until they have 
rounded up. Ventral mesoderm explants were 
then treated with 2.83 ~M Con A (Lot No. 070207 
CA, EY Labs, Inc., San Mateo, California, USA) 
in SBSS for 3 hr. The explants were then washed 
with excess SBSS, cultured for different time 
lengths, and sandwich between ectoderm explants. 
The explants were allowed to remain in sandwich 
for 8 hr during which the edges of the ectoderm 
explants come together and heal. With a glass 
needle, an incision was made approximately along 
the line where the edges meet and the ventral 
mesoderm was very carefully separated from the 
ectoderm taking care that every remaining 
mesoderm cell was removed. The ectoderm and 
ventral mesoderm were separately cultured for 
about 2 weeks. The explants were fixed overnight 
in Bouin’s fluid. Embedding was done using 
paraffin wax. The sections were stained with 
Mayer’s haemalum and examined for the presence 
of neural tissues in the ectoderm and dorsal 
mesodermal structures in the Con A-treated ven- 
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Scheme for the sandwich experiment. 


tral mesoderm. Ectoderm explants contaminated 
with mesoderm tissues were excluded from the 
scores. 

A series where the sandwich was cultured as is 
for two weeks, without separating the ectoderm 
and Con A-treated ventral mesoderm compo- 
nents, was also done. 

In the case where the organizer was used as 
inducer, the organizer explants used were obtained 
from early gastrula embryos. The sandwich ex- 
periment was done as described above where Con 
A-treated ventral mesoderm was used as inducer, 
except that the sandwich time was 4 hr. 


Inhibition experiment using oligomannose-type oli- 
gosaccharide 


Ventral mesoderm was treated with 2.83 uM 
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Con A in SBSS for certain time lapses, immediate- 
ly removed from the solution and washed in 30 «M 
oligomannose-type oligosaccharide (a high-man- 
nose type oligosaccharide isolated from ovalbumin 
[11]) in SBSS for 30 min. The explants were then 
washed in excess SBSS, cultured for about 2 weeks 
and processed for histological observation as in the 
above. 


Microautoradiography 


51-Con A_ was prepared using lIodo-Gen 


(Pierce Chem. Co., Rockford, Ill., USA). The 
labelled sample was run in Bio-Gel P6DG filtra- 
tion column (Bio-Rad, California, USA) and the 
fractions with the highest activities were collected. 
2.83 uM of '*I-Con A (655 kBq/nmol) was used 
in treating ventral mesoderm explants for 5 or 30 
min at 20°C. Ventral mesoderm explants were 
thoroughly washed with SBSS, cultured for various 
time lengths and then fixed in 2.5% glutaraldehyde 
at 4°C overnight. In the case of the 5 min-labelling 
series, the explants were immediately fixed. The 
explants were then embedded in paraffin and 
sectioned at 6 um thickness. The sections were 
immersed in 10% HQ; overnight for depigmenta- 
tion, air-dried and coated with NR-M2 autoradiog- 
raphic emulsion (Konica Co., Japan). After 20 
days exposure, the sections were developed in 
Rendol X (Fuji Film Co., Japan) and stained with 
Mayer’s haemalum. 


Fic. 2. a) Neural structures induced by Con A-treated ventral mesoderm continuously sandwiched in ectoderm for 2 


RESULTS 


Neural induction by Con A-treated ventral meso- 
derm 


To examine whether Con A-treated ventral 
mesoderm, which differentiated into dorsal tissues 
such as notochord and muscle, is capable of induc- 
ing the competent ectoderm to form neural tissues, 
it was sandwiched between ectoderm explants and 
cultured intact for about two weeks. High inci- 
dence of neural differentiation took place (Fig. 
2a). When untreated ventral mesoderm was used 
as inducer, no neural differentiation took place at 
all (Fig. 2b). 

To determine the time at which neural-inducing 
activity was attained by the Con A-treated ventral 
mesoderm, the ventral mesoderm was incubated at 
different time lapses (aging) and sandwiched be- 
tween ectoderm explants. The sandwich compo- 
nents had to be separated after a minimum time 
lapse of sandwich culture, since the specific time at 
which neural-inducing activity was attained could 
not be determined with continuous culture of the 
ventral mesoderm together with the ectoderm in a 
sandwich. 

In routine sandwich methods where the organiz- 
er was used as inducer [12, 13], 0.5-4 hr sandwich 
time was sufficient to bring about neural dif- 
ferentiation. However, in the case where Con 
A-treated ventral mesoderm was used as inducer, 
4 hr sandwich time only resulted in the differentia- 
tion of small neural tissues; hence, the sandwich 
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weeks. Notochord (not), neural tissue (neu), epidermis (epi) and undifferentiated mesoderm cells (und). b) 
Absence of neural structures in ectoderm explants used in a sandwich with an untreated ventral mesoderm. 


Blood cells (bc). Scale bar is 100 um. 
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time was increased to 8hr. With 8 hr sandwich 
time, larger neural structures could be obtained. 
Another problem that had to be overcome is the 
fact that Con A is a potent neuralizing agent [6-9, 
14, 15]. Therefore, the possibility exists that Con 
A remaining on the ventral mesoderm might con- 
tribute to neural induction. To distinguish be- 
tween the neuralizing effect of remnant Con A and 
that of the dorsalized ventral mesoderm, the O-hr 
control series where the ventral mesoderm was not 
allowed to age or develop further in culture, but 
sandwiched immediately after Con A treatment, 
was done. Incidence of neural induction in this 
series could then be attributed to the effect of 
remnant Con A and minimally, if any, to the 
dorsalized ventral mesoderm. Only one very small 
neural structure of which regionality could not be 
identified was detected out of 30 explants (3%). 
This indicates that the effect of remnant Con A is 
negligible, and it is expected that this residual 


TABLE 1. 


Ventral Mesoderm Total no. of 


Neural Differentiation 


TAKESHIMA AND K. TAKATA 


effect will diminish as the aging period gets longer. 

The neural-inducing activity of ventral meso- 
derm aged after Con A treatment is expressed 
relative to the extent of dorsalization. Thus, 
“relative neural induction” or RNI was adopted as 
an index of neural differentiation caused by the 
dorsalized ventral mesoderm (Table 1). 

When ventral mesoderm cultured 15 hr after 
Con A treatment was used as inducer RNI was 
11%. When ventral mesoderm cultured 20 hr after 
Con A treatment was used, RNI increased to 20%. 
RNI consistently increased to 42% in the 24 hr- 
series. This is the highest value obtained in all the 
series. Thirty hours after Con A treatment, aver- 
age RNI decreased to 32%. In the Con A-treated 
ventral mesoderm cultured for 36 and 42 hr, neural 
induction was not observed. Forty-eight and 72 hr 
after Con A trearment, the ventral mesoderm 
exhibited a rather weak neural-inducing activity. 

Brain-like structures and spinal cord were 


Neural induction by Con A-treated ventral mesoderm 


Dorsalized Ventral Relative 


Culture Time* sandwiches in the ectoderm Mesoderm Neural Induction 
(hr) (no. of experiments) (%) (%) (%)? 
0) 30 (@) 3 48 6 
15 34 (3) 9 82 11 
20 Sik (2) 16 81 20 
24 63 (3) 35) 84 42 
30 29 (2) 21 66 32 
36 19 (2) 0 63 0 
42 Syl) 0 58 0 
48 30 (2) 13 83 16 
72 28 (2) 7 Vil 10 


“Number of hours in culture elapsed after Con A treatment. 


> Relative neural induction (RNI) is calculated as 


TABLE 2. 


Organizer culture time (hr) Neural Tissue 


0 11 
é) 3 
6 6 
10 4 
15 1 
20 4 


% 


% Dorsalization 


Neural Induction ~ 100 


Neural induction by organizer 


Epidermis Total Neural Induction (%) 
18 29 38 
11 14 21 
26 32 19 
20 24 17/ 
25 26 4 
28 32 12 
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TaBLE 3. Inhibition of Con A-induced dorsalization by oligomannose-type oligosaccharide 
Treatment Not Mus Pron Blood Meso Undiff Total Dorsal Ventral Undiff Dorsal (%) 
ventral mesoderm alone 0 0 0 15 0 2 17 0 iS 2 _ 
vm + oligo* 0 0 0 5 0 10 15 0 5 10 0 
Con A (0.5 hr) Hy. 2-35 2 3 0 0 19 18 1 0 95 
ym+Con A-+oligo” 
0.5 hr > ee & Q 13 8 4 33 14 15 4 42 
1 hr 20... 20 4 5 1 3 28 21 4 3 iD 
2 hr 2, Al 5 a 3 0 15 13 2 0 87 


* ym (ventral mesoderm) treated with oligo (oligomannose-type oligosaccharide), 30 “M, for 30 min. 
© Ventral mesoderm was treated with Con A (2.83 uM) for different time lapses before washing with 


oligomannose-type oligosaccharide for 30 min. 


observed in 83% of neural tissues induced by Con 
A-treated ventral mesoderm in the early phase of 
aging (data not shown). Only small, unidentifiable 
neural structures surrounded by epidermal cells 
were observed when Con A-treated ventral 
mesoderm incubated for more than 24hr was 
used. 


Neural induction by the living organizer 


Thirty-eight per cent neural induction was 
observed when isolated St 11 organizer (0 hr orga- 
nizer) was used as inducer (Table 2). Incidence of 
neural differentiation gradually went down to 4% 
as the organizer was aged for 15 hr, but it went 
slightly higher (12%) when the organizer used was 
aged for 20 hr. 


Inhibitory effect of oligomannose-type oligosac- 
charide on Con A-induced dorsalization 


The effect of oligomannose-type oligosaccharide 
on dorsalization of ventral mesoderm by Con A 
was examined through time (Table 3). Isolated 
ventral mesoderm simply differentiated into blood 
cells. Addition of oligomannose-type oligosac- 
charide alone to the ventral mesoderm explants 
had no toxic, deleterious or dorsalizing effect. 
Addition of the sugar after 30 min Con A treat- 
ment significantly decreased incidence of dorsa- 
lization from 95% to 42%. However, addition of 


Fic.3. a) Ventral mesoderm explant treated with '**I- 


Con A for 5min. b) Ventral mesoderm explant 
treated with '*I-Con A for 30min and further 
cultured for 30 min or c) further cultured for 24 hr. 
Arrowhead indicates nucleus. Scale bar is 10 um. 
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Fic. 4. Microautoradiograms taken at different focus 
levels of ventral mesoderm cultured 24hr after 
'251.Con A treatment. Arrowhead indicates nuc- 
leus. Scale bar is 10 um. 


the sugar after 1 or 2 hr Con A treatment did not 
decrease incidence of dorsalization by Con A. 


Seventy-five and 87% dorsalization, respectively, 
are within the range of normally expected values in 
Con A-treated ventral mesoderm explants (refer 
to Table 1). 


Localization of '*°I-Con A on the ventral meso- 
derm 


Some silver grains, predominantly on the sur- 
face of the explant, could already be observed with 
just 5 min treatment of the ventral mesoderm with 
'1-Con A (Fig. 3a). A cluster of silver grains 
appears to be in the process of internalization. 
More internalized grains could be observed in the 
ventral mesoderm treated with Con A for 30 min 
and cultured for an additional 30 min (Fig. 3b). As 
culture time was increased, there was an apparent 
tendency of silver grains to converge on or around 
the nucleus. This tendency was most pronounced 
in ventral mesoderm treated with '*°I-Con A for 30 
min and cultured for an additional 24 hr (Fig. 3c). 
Figure 4 shows the relative distribution of silver 
grains on or around the nucleus and on the cyto- 
plasm of a section whose photomicrograph was 
taken at different focus levels. 


DISCUSSION 


Compared to the neural tissues induced by the 
living organizer, those by Con A-dorsalized ven- 
tral mesoderm were qualitatively inferior. Never- 
theless, the incidence of neural induction by Con 
A-dorsalized mesoderm is almost similar to that 
using the organizer, at least in our experimental 
system. The relatively low incidence of neural 
differentiation and inferior architecture of induced 
tissues in these cultures, compared to that in 
continuous sandwich cultures, might have been 
due to the trauma caused by the separation proce- 
dure. 

Using Con A-dorsalized mesoderm as inducing 
material, we were able to show that neural induc- 
tion could take place as early as about 15 hr after 
Con A treatment. The peak of neural-inducing 
activity about 24hr after Con A treartment may 
correspond to the neural-inducing activity of St 11 
Cynops organizer. It should be noted here that 
acquisition of neural inducing ability by Con A- 
treated ventral mesoderm was rapid and after 
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reaching maximal activity around 24 hr, the activ- 
ity gradually went down. Whether the low neural- 
inducing ability of the 48- and 72-hr aged Con 
A-treated ventral mesoderm is significant or not 
remains to be further confirmed since only small, 
unidentifiable neural structures were observed. 

Since the neural-inducing potential was acquired 
by the Con A-treated ventral mesoderm as early as 
about 1IShr after Con A treatment, we could 
expect that determination of dorsal differentiation 
must have occurred during this elapsed time. The 
time-course inhibition experiment using oligoman- 
nose-type oligosaccharide could offer some evi- 
dence in support of this. 

Addition of the oligosaccharide after 30 min 
Con A inhibited dorsal differentiation. However, 
when the oligosaccharide was added after 1 hr Con 
A treatment, the inhibitory effect of the sugar on 
dorsalization was cancelled. This might suggest 
that the ventral mesoderm may have been deter- 
mined to proceed to dorsal differentiation as early 
as 1 hr after Con A treatment even in the presence 
of the inhibitor. However, we cannot exclude the 
possibility that the cause of the decrease in the 
frequency of dorsalization after 30min Con A 
treatment was simply the reduced amount of inter- 
nalized Con A and that the reason why inhibitory 
effect was absent after 1 or 2 hr Con A treatment 
was that sufficient amount of Con A had been 
internalized by the ventral mesoderm at these time 
points. 

In neural induction, Con A molecules were 
localized on the interior surface of the ectoderm 3 
hr after treatment, and cytoplasmic localization 
was only observed 20 hr after treatment [6]. The 
authors suggested that internalized Con A mole- 
cule was not responsible for neural induction. On 
the other hand, in dorsalization, Con A molecules 
were found to accumulate inside the ventral 
mesoderm cells rather than on the surface lending 
support to our hypothesis that it is internalized 
Con A which triggers the process [5]. Localization 
of Con A on or around the nucleus 24 hr after 
treatment suggests a possible interaction of Con A 
with the nucleus. It would be interesting to 
speculate that this interaction might play a role in 
the ensuing processes of dorsal differentiation, 
specifically that step(s) which determines the ac- 


quisition of neural-inducing activity. 

The model system used here, i.e., Con A- 
dorsalized ventral mesoderm, has made possible 
studies on the temporal specificity of organizer 
action, which might have been difficult to perform 
using the organizer. 
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Effects of Neonatal Diethylstilbestrol Exposure on the Growth 
of Mouse Vaginal Epithelial Cells in Serum-Free 
Collagen Gel Culture 
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ABSTRACT— Vaginal epithelial cells isolated from ovariectomized ca. 40-day-old BALB/cCrgl mice 
treated with 1 «g diethylstilbestrol (DES) or with oil vehicle alone for the first 5 days after birth were 
purified by Percoll density gradient centrifugation and grown as primary cultures in collagen gel matrix 
(CGM) with serum-free medium. Three dimensional colonies of both control and DES-exposed vaginal 
epithelial cells developed in the CGM. The initial proliferation rate of DES-exposed vaginal epithelial 
cells was significantly lower than that of the controls. However, after 10 days in culture, approximately 
6.3-fold and 7.6-fold increases in cell number occurred in control and DES-exposed vaginal epithelial 
cells, respectively, a difference that is not significant. Deletion of bovine serum albumin, bovine insulin 
or mouse epidermal growth factor (EGF) resulted in decreased growth of both control and DES- 
exposed vaginal epithelial cells. Estradiol-17 (180 f{M to 18 nM) did not stimulate growth of control or 
DES-exposed vaginal epithelial cells. When concentrations of EGF and insulin are increased in the 
serum-free medium, a dose-related increase in growth was observed in vaginal epithelial cells from both 
control and DES-exposed mice. DES-exposed vaginal epithelial cells were significantly less sensitive to 
insulin at two concentrations and to EGF at one concentration than control cells. Thus, neonatal DES 
exposure results in alterations in vaginal epithelial cells as indicated by decreased initial rate of 
proliferation and by altered sensitivity to EGF and insulin in vitro. 


mice when administered perinatally [4-8]. The 


INTRODUCTION 


The abncrmal development of the genital tract 
induced by human intrauterine exposure to dieth- 
ylstilbestrol (DES), a synthetic estrogen, has been 
studied extensively in animal model systems in 
attempts to uncover the mechanism by which such 
exposure results in permanent structural changes 
[1-3]. Estrogens including DES induce hyperplas- 
tic lesions in vagina, uterus and oviduct, cervicova- 
ginal cancer and presistent vaginal cornification in 
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perinatal period is a time when the development of 
the mouse reproductive tract occurs [2] and corres- 
ponds to the end of the first trimester of human 
fetal development [9]. DES exposure during this 
critical period results in the later appearance of a 
low incidence of cervicovaginal clear cell adeno- 
carcinoma in humans |[7, 10] and in abnormal 
differentiation of the rodent genital tract [9]. 
Correlation of the onset of structural alterations 
in the reproductive tract with puberty suggested 
the direct or indirect involvement of endogenous 
hormones; as a result, investigators interested in 
understanding the mechanism by which DES ex- 
erted its effects have focused on the ovarian ster- 
oids and their receptor systems. The numbers of 
cytosolic estrogen and progestin receptors in 
neonatally estrogen-treated mice are altered in the 
female tract [11-13] as well as in the separated 
tissue compartments of the vagina [14]. Changes 
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in the synthesis of major cellular proteins occur in 
the uterus of transplacentally DES-exposed mice 
[15] and are localized to specific tissue compart- 
ments of the neonatally DES-exposed mouse vagi- 
na [16]. The present study examines differences in 
the proliferation and sensitivity of vaginal epithe- 
lial cells from normal and neonatally DES-exposed 
mice when grown in serum-free collagen gel cul- 
ture. 


MATERIALS AND METHODS 


Materials 


Dulbecco’s modified Eagle’s and Ham’s F-12 
(D:H, 1 vol/1 vol, basal), 199, and Waymouth’s 
(10X) media were purchased from Grand Island 
Biological (Grand Island, NY, U.S.A.); Percoll 
was from Pharmacia Fine Chemicals (Piscataway, 
NJ, U.S.A.). Bovine insulin (1), 17f-estradiol 
(E,), DES, bovine serum albumin fraction V 
(BSA), human transferrin (Tr), cholera toxin 
(CT), deoxyribonuclease I, HEPES buffer, peni- 
cillin and streptomycin were from Sigma Chemical 
(St. Louis, MO, U.S.A.); mouse epidermal 
growth factor (EGF) was from Collaborative Re- 
search (Waltham, MA, U.S.A.). 


Animals 


Newborn female BALB/cCrgl mice were 
obtained from the barrier breeding colony at the 
University of California at Berkeley. Newborn 
female mice received 5 daily subcutaneous injec- 
tions of 1 ug DES dissolved in 0.02 ml sesame oil 
starting within 18 hr after birth. Control animals 
were injected daily with 0.02 ml sesame oil. The 
mice were weaned at 3 weeks of age and housed 5 
or 6 per cage in a temperature-controlled room 
(22°C) with 12-hr light and 12-hr dark periods. 
Animals were provided with pine shavings for 
bedding, fresh water and Wayne sterilizable ro- 
dent block diet ad libitum. All animals were 
ovariectomized at 30 days of age. 


Cell dissociation and culture procedure 


Vaginae were dissected from ca. 40-day-old 
ovariectomized mice, and separated into tissue 
compartments by the procedure already described 


[17] with the following modifications: DES- 
exposed vaginae were incubated with collagenase 
(0.12%) for 1.5 hr, whereas the control vaginae 
were incubated with collagenase (0.12%) for 2 hr 
as described previously [16]. The keratin layers of 
the DES-exposed vaginal epithelium were re- 
moved with jeweler’s forceps under a dissecting 
microscope. The epithelial sheets separated with 
forceps were minced with a razor blade on a Teflon 
block and centrifuged on preformed Percoll densi- 
ty gradents in order to remove fibromuscular ele- 
ments, cellular debris and proteolytic enzymes and 
to avoid possible contamination with nonepithelial 
cells [18]. Cells were rinsed twice with medium 
199, embedded in iso-osmotic, neutralized col- 
lagen gel matrix (CGM) in 24-well, tissue culture- 
treated plates (Falcon, Becton-Dickinson, Cock- 
eysville, MD, U.S.A.) and cultured in basal 
medium (D:H medium buffered at pH 7.2 with 20 
mM HEPES containing NaHCO; (1.2 g/l) with 
penicillin (SO U/ml) and streptomycin (50 “g/ml), 
to which I (10 ug/ml), Tr (10 ug/ml), CT (10 ng/ 
ml), BSA (5 mg/ml) and EGF (10 ng/ml) were 
added. 

Media for the deletion experiments were pre- 
pared by adding various combinations of 4 of the 5 
supplements together to the basal medium. A 
stock solution of 17f-estradiol (E, 500 ~g/ml) 
dissolved in absolute ethanol was prepared, and 
various concentrations of E, were obtained by 
serial dilution with basal medium. Aliquots of 
these dilutions were added to the culture medium 
to attain final concentrations of 180 fM-18 nM. 
The final concentration of ethanol was less than 
0.1% and did not influence cell growth. The 
serum-free complete (SFc) medium consisted of 
basal medium supplemented with all five factors 
[17, 19]. Cultures were incubated at 37°C in a 95% 
air/5% CO, humidified atmosphere, and the 
medium was changed every 2 days. Each experi- 
ment was repeated at least three times, with tripli- 
cate wells in a single culture plate used for each 
point. 


Cell number and DNA estimates 


Both control and DES-exposed vaginal epithe- 
lial cells were plated as 1.5-2.2 x 10° cells per well. 
At the end of the experiments, cells were reco- 
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vered from gels by acetic acid dissolution and 
stored for later fluorometric determinations of 
DNA [20, 21]. In order to normalize the differ- 
ences in the initial seeding density, data were 
expressed as increases over the initial cell number. 
The data were analyzed by Student's t-test. 


RESULTS 


Effects of serum-free media on DES-exposed vagin- 
al epithelial cell growth 


The combined mitogenic potencies of the serum- 
free components of SFc medium were ascertained. 
Three-dimensional growth of both control and 
DES-exposed vaginal epithelial cells occurred in 
serum-free CGM culture, and the respective col- 


onies were of mixed morphology with duct-like, 
sheet-like, or spherical organization. Histological 
sections of growing colonies of vaginal epithelial 
cells from control and DES-exposed mice demons- 
trated an lumen surrounded by epithelial cells in 
various stages of differentiation sloughing into the 
lumen (Fig. 1). 

After a 2-day lag period, due to reorganization 
of the epithelial cell clumps in the CGM, control 
vaginal epithelial cells increased to 6.3-times the 
initial seeding density during the 10 days of culture 
with SFc medium. DES-exposed vaginal epithelial 
cells showed a 4-day lag period before entering 
logarithmic phase of growth, but a 7.6-fold in- 
crease in cell number was obtained after 10 days of 
culture (Fig. 2). The initial proliferation rate of 
DES-exposed cells was significantly lower than 


Fic. 1. Histology of control (A, B) and DES-exposed vaginal epithelial cell clumps (C, D) cultured with 
unsupplemented (D:H) (A, C) and serum-free complete (SFc) media (B, D) for 10 days in neutralized collagen 
gel matrix (CGM). H & E. x95. Note that growth in SFc medium and three-dimensional reorganization of the 
epithelial colony have occurred as indicated by the increased colony size and the formation of a lumen (L) (A, B) 
and presence of keratin (K) over the dispersed cells grown in D: H medium, whereas colony organization, cell 
soluthing and growth with lumen (L) formation have occurred in SFc medium (C, D). 
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number of vaginal epithelial cells (mean+S.E., n= 
3) cultured for 10 days in CGM with SFc medium. 
a, P<0.05 vs Control. 


that of controls, but the final increases were not 
significantly different. 

In order to ascertain the requirement for each 
component of the SFc medium for optimum 
growth, all additives (I, Tr, CT, BSA or EGF) 
were individually deleted from the SFc medium, as 
had been done previously before the Percoll step 
was introduced [22]. The deletion of BSA, I, or 
EGF from the SFc resulted in significantly less 
growth of both control and DES-exposed vaginal 
epithelial cells, but deletion of Tr and CT had no 
significant effect after 9 days of culture (Fig. 3). 
Deletion of EGF from SFc medium resulted in 
only minimal growth of DES-exposed vaginal 
epithelial cells regardless of the presence of other 
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Fic. 3. Numbers of fold increase of vaginal epithelial 


cells (mean+S.E., n=3) cultured for 9 days in SFc 
medium or in SFc medium with individual deletion 
of bovine serum albumin (BSA), insulin (I), trans- 
ferrin (Tr), epidermal growth factor (EGF) or 
cholera toxin (CT). D:H, unsupplemented medi- 
um. 

a, P<0.05 vs Control SFc; b, P<0.05 vs DES- 
exposed SFc; c, P<0.05 vs Control without EGF. 


factors. EGF dose-response studies performed in 
the presence of the other 4 factors showed that 
concentrations of EGF greater than 0.1 ng/ml 
resulted in a dose-related proliferation of both 
control (Y =2.17 logi9>X + 4.32, r=0.97, P<0.001, 
regression analysis) and DES-exposed (Y=2.40 
logioX +3.73, r=0.93, P<0.01) vaginal epithelial 
cells. At 1ng/ml EGF, the increase in DES- 
exposed vaginal epithelial cells was significantly 
less than in the controls (Fig. 4). No significant 
proliferation of either kind of vaginal epithelial cell 
colonies occurred in the absence of EGF. Insulin 
dose-response studies showed that there is a dose- 
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Fic. 4. Numbers of fold increase of vaginal epithelial 
cells (mean+S.E., n=3) cultured for 9 days in 
serum-free medium supplemented with I (10 ug/ 
ml), Tr (10 ug/ml), CT (10 ng/ml), BSA (5 mg/ml) 
and increasing concentrations of EGF (0.1-10 ng/ 
ml). 
a, P<0.05 vs Control. 
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cells (mean+S.E., n=4) cultured for 9 days in 
serum-free medium supplemented with Tr (10 yg/ 
ml), CT (10 ng/ml), BSA (5 mg/ml), EGF (10 ng/ 
ml) and increasing concentrations of I (0.01-10 ug/ 
ml). 

a, P<0.05 vs Control. 
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related proliferation of both control (Y=0.74 
logioX + 4.74, r=0.93, P<0.05) and DES-exposed 
(Y¥=0.71 logjoX+3.55, r=0.96, P<0.01) vaginal 
epithelial cells. Ten «g/ml and 50 ug/ml seem 
most favorable for growth during 9 days of culture 
for control and DES-exposed vaginal epithelial 
cells, respectively. At 0.1-1 «g/ml I, DES- 
exposed vaginal epithelial cells showed significant- 
ly less growth than the controls (Fig. 5). In the 
complete absence of I, the serum-free medium 
supported minimal growth of both populations of 
epithelial cells. E, (180 fM-18 nM) in the optimal 
SFe medium did not stimulate proliferation of 
either control or DES-exposed vaginal epithelial 
cells at any concentration tested. At higher con- 
centrations, E> tended to inhibit growth only in the 
control cells (Fig. 6). 
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-18pM1.8pM 18pM .18nM1.8nM 18nM 
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Fic.6. Numbers of fold increase of vaginal epithelial 
cells (mean+S.E., n=4) cultured in CGM for 9 
days in SFc medium with various amounts of 17/- 
estradiol. 

D:H, unsupplemented medium. 


DISCUSSION 


Histological and biochemical alterations in vagi- 
na of mice treated perinatally with estrogens in- 
cluding DES have been reported [2, 13, 16]. The 
DES-exposed vagina shows ovary-independent 
proliferation and keratinization of epithelium [3], 
which expresses alkaline phosphatase activity [23]. 
Estrogen receptors in DES-exposed vagina are 
lower than in the control [11, 12]; the same is true 
in separated DES-exposed vaginal epithelium [14]. 
Furthermore, EGF receptors in the DES-exposed 
vagina are lower than in the control [T. Iguchi, M. 
Edery, P.-S. Tsai, S. Ozawa and H. A. Bern, 


submitted]. Responsiveness of neonatally E>- 
exposed vagina to exogenously administered E, is 
lower than in the control [2]. Occurrence of major 
cellular proteins in the epithelial and fibromuscular 
compartments of the DES-exposed vagina differs 
from that in the controls [16]. However, differ- 
ences in the growth of control and DES-exposed 
vaginal epithelial cells in vitro have not been 
previously reported. 

The lag period in growth of control vaginal 
epithelial cells is 2 days; in DES-exposed cells, it is 
4 days. In earlier studies, cell number decreased 
between 1 and 4 days in culture [17, 22]; the 
fluorometric DNA assay may not include DNA of 
dead cells. The occurrence of the longer lag period 
in DES-exposed vaginal epithelial cells, therefore, 
may be the result of the non-proliferative nature of 
the majority of cells, as only basal cells divide in 
stratified vaginal epithelium [24]. In addition, 
DES-exposed vaginal epithelial cells are more 
sensitive than the control epithelial cells to collage- 
nase [16]. The cells eventually enter logarithmic 
growth indicating that the lag period is reversible 
in vitro. 

SFc medium has been shown to support effec- 
tively the growth of normal mouse uterine [19, 26] 
and vaginal epithelial cells [17, 22, 26]. This 
medium also supports the logarithmic growth of 
vaginal epithelial cells from neonatally DES- 
exposed mice in the present study. In an earlier 
study, I proved to be an absolute requirement, but 
BSA and EGF were not absolute requirements for 
growth of normal mouse vaginal epithelial cells 
[22]. However, in the present study, EGF appears 
to be an absolute requirement for growth of con- 
trol and neonatally DES-exposed vaginal epithelial 
cells, and I was not an absolute requirement. The 
difference between the two studies may arise from 
the introduction of the Precoll density gradient 
step. Tr and CT are not required for optimal 
growth of either control [22] or DES-exposed 
vaginal epithelial cells in CGM. When EGF 
concentrations are increased in serum-free 
medium, a dose-related increase in growth of 
vaginal epithelial cells from both control and DES- 
exposed mice was observed. DES-exposed vaginal 
epithelial cells were less sensitive to | ng/mi of 
EGF and 0.1-1 «g/ml of I than contro! vaginal 
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epithelial cells. Tomooka et al. [27] reported that 
mammary epithelial cells from mice treated neona- 
tally with DES showed a lower growth response to 
I and EGF than the controls. EGF receptors are 
lower in DES-exposed vagina than in the controls 
[Iguchi et al., submitted]; I receptors have not 
been measured. 

Previous studies on growth regulation of normal 
mouse vaginal epithelial cells using SFc medium 
demonstrated that estrogenic hormones failed to 
stimulate enhanced growth of these cells in col- 
lagen gel under serum-free conditions [17, 22, 26]. 
The possible reasons for this have been addressed 
previously [17, 26], and lack of estrogen stimula- 
tion has also been noted in with primary serum- 
free Matrigel and collagen gel cultures of normal 
mouse endometrial luminal epithelial cells [25, 28] 
as well as with immature vaginal epithelial cells 
[29]. In the present study, E> also failed to 
stimulate growth of DES-exposed vaginal epithe- 
lial cells in CGM with SFc medium. However, 
when a heterotypic recombination of cultured nor- 
mal vaginal epithelial cells [30, 31] or cultured 
DES-exposed vaginal epithelial cells [F.-D. A. 
Uchima, P. Cooke, G. Cunha and H. A. Bern, 
unpublished data] and cultured normal vaginal 
stroma were transplanted under the kidney capsule 
of syngeneic intact female host for 28 days, both 
normal and DES-exposed vaginal epithelial cells 
behaved normally by cycling in response to host 
ovarian hormones. Histologically, alternating 
layers of keratin and sloughed off cells were 
observed, indicating a degree of reversibility in the 
nature of the permanently proliferated DES- 
exposed vaginal epithelial cells when combined 
with normal stroma. The histology of colonies of 
control and DES-exposed vaginal epithelial cells 
grown in CGM with SFc medium reveals keratin 
layers in the lumen, indicating spontaneous ter- 
minal differentiation without estrogen. These re- 
sults suggest that vaginal stroma has an important 
role in induction of ovary-independent prolifera- 
tion and keratinization of vaginal epithelial cells of 
mice exposed neonatally to DES [30]. 

In conclusion, neonatally DES-exposed vaginal 
epithelial cells can be grown in DCM with SFc 
medium; the cells show a longer time lag before 
entering logarithmic growth phase and are less 


sensitive to I at two concentrations and EGF at 
one concentration than normal vaginal epithelial 
cells in this culture system. EGF and I in SFc 
medium enhance the growth of both control and 
DES-exposed vaginal epithelial cells, and EGF is 
essential for growth of both control and DES- 
exposed cells. 
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Time Course of Plasma T; and T, Levels and Tissue 
Transglutaminase Activity Following Injection 
of Thyroid Hormones in Tadpoles 


: 
Masato ANpbo!*, YuTAKA NAGATA! and RICHARD HAMMERSCHLAG> 


‘Department of Physiology, Fujita Health University School of Medicine, Toyoake, 
Aichi 470-11, Japan and *Division of Neurosciences, Beckman Research Institute 
of the City of Hope, Duarte, California 91010, USA 


ABSTRACT— Temporal changes in the plasma concentrations of T; and T, in premetamorphic bullfrog 
tadpoles (stage V-VI) were determined by radioimmunoassay following intraperitoneal injections of 
these hormones (0.3 nmol/g body weight), since this example of single injection is frequently used to 
mimic tissue changes that occur in response to the surge of circulating thyroid hormones during 
spontaneous metamorphic climax. At 3 hr following T; injection, plasma T; was 10-20 fold higher than 
at climax and declined to the climax level by 48 hr. The plasma T, level was 20-50 times higher than the 
climax level 3 hr after T, injection, decreasing to the climax level by 72 hr. Significant levels of plasma 
T; were also detected following T, administration, declining from 1.5 times climax level at 3 hr to climax 
level between 6 and 12 hr. This apparent conversion of T, to T; was suppressed approximately 80% by 
co-injection of T, and iopanoic acid (0.3 ~mol/g body weight, i.p.), an agent that blocks the degradation 
of thyroid hormones. Following T; injection, the levels of transglutaminase (TG) activity, an indicator 
of tissue degeneration, showed maximal increases in tail muscle (ca. 5-fold) and caudal spinal cord (ca. 
6-fold) by 24 hr. In contrast, no change in TG activity was detected in hindlimb bud or lumbar spinal 
cord, tissues that undergo metamorphic differentiation into adult forms. Thus, despite the supraphy- 
siological plasma levels of these hormones, changes in TG activity and other short-term tissue responses 
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appear to mimic those occurring during spontanous metamorphosis. 


INTRODUCTION 


While premetamorphic tadpoles contain virtual- 
ly undetectable levels of circulating thyroid hor- 
mones [1-4], exogenously administered triiodo- 
thyronine (T3) or thyroxine (T4) to these animals 
at a single dose of 0.3 nmol/g body weight (i.p.) 
has often been shown to induce precocious mor- 
phological and biochemical responses that mimic 
tissue responses to the programmed surage in 
endogenous levels of thyroid hormones during 
metamorphic climax [5-9]. These studies moni- 
tored responses in premetamorphic tissues des- 
tined for degeneration and death as well as in 
tissues that grow and differentiate into adult 
forms. While 0.3 nmol/g dose has been shown to 
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produce maximal tissue responses [9, 10], no re- 
ports can be found of the circulating levels of 
thyroid hormones generated by such intraperi- 
toneal injections. 

Because of the importance of comparing these 
experimentally elevated hormone levels to the 
known levels of T3 and T, during spontaneous 
metamorphic climax [1-4], the present study was 
designed to examine the temporal changes in plas- 
ma T; and T, following single injections or co- 
injection of these hormones. T4-generated T; was 
also assayed because of studies suggesting that the 
5’-monodeiodinase converting enzyme can be in- 
duced in premetamorphic tadpoles [11, 12]. In 
addition, the activity of transglutaminase (TG) was 
determined in spinal cord and peripheral tissues to 
compare the time course of a T3-induced tissue 
response to the time course of plasma T, following 
hormone injection. This enzyme, which is a mar- 
ker of cell death-related keratinization [13], has 
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been shown to increase markedly in tail cell cul- 
tures of premetamorphic tadpole treated with T3 
[14]. 


MATERIALS AND METHODS 


Animals 


Bullfrog tadpoles (Rana catesbeiana) obtained 
from a local supplier were maintained at ambient 
temperature on a daily 12L: 12D photoperiod and 
fed on bioled spinach every second day. The 
developmental stage of the tadpoles was deter- 
mined on the basis of external morphology of their 
hindlimbs according to the criteria of Taylor and 
Kollros [15]. Premetamorphic tadpoles of stage 
V-VI were used for most of the present studies. 


Chemicals 


Sodium salts of T3 and T, were purchased from 
Sigma Chemical Co. (St. Louis, MO, USA). Each 
thyroid hormone was prepared as a stock solution 
at 0.15 mM in 0.6 mM NaOH and stored at —25°C 
in plastic tubes. MS-222 (ethyl m-aminobenzoate 
methane sulfonate) and N,N-dimethylcasein were 
also obtained from Sigma Chemical Co. RIA kits 
(Amerlex-M T;3 and -M T,) for determination of T3 
and T, and NCS tissue solubilizer were purchased 
from Amersham International, plc (Buckingham- 
shire, England). [*H]Putrescine (1110 GBq/ 
mmol) was obtained from Dupont-New England 
Nuclear (Wilmington, DE, USA). lIopanoic acid 
was purchased from Tokyo Kasei Chemical Co. 
(Tokyo, Japan). All other chemicals used were of 
analytical grade from Nagoya-Katayama Chemical 
Co. (Nagoya, Japan). 


Treatment of tadpoles 


Premetamorphic tadpoles (stage V-VI), which 
had been food-deprived for two days, were anes- 
thetized by immersion in 0.05% MS-222 and in- 
jected between 8:00 and 10:00 a.m. with 0.3 
nmol/g body weight of T3 or Ty, (2 ul/g body 
weight stock solution), with combinations of the 
hormones or with 1.2 nmol of NaOH vehicle/g 
body weight. At varying periods following hor- 
mone injection, a 200 ul blood sample was col- 
lected from the tadpole heart using a heparinized 


syringe, and was centrifuged to obtain the plasma. 
Plasma samples from untreated premetamorphic 
tadpoles and from tadpoles at metamorphic climax 
stages were also prepared, and were stored at 
—70°C prior to radioimmunoassay. 


RIA procedure 


In order to adapt the kit for human thyroid 
hormone levels to tadpole plasma samples, the 
following modifications were made: The incuba- 
tion conditions were changed from 1 hr at 37°C for 
T; and 45 min at 18-28°C for T, in human plasma 
to Shr at 18-20°C for tadpole plasma. Standard 
solutions were prepared by diluting T3 or Ty stock 
solutions with plasma from untreated premeta- 
morphic tadpoles to yield final concentrations of 
0.2-4.0 ng/ml of T3 or 2-100 ng/ml of Ty. Tripli- 
cate 50 wl aliquots of tadpole plasma were used for 
each assay. All other RIA procedures for hor- 
mone measurement in tadpole plasma were iden- 
tical with those for human plasma samples. 


Transglutaminase (TG) assay 


TG activity in dissected spinal cord, hindlimb 
bud and tail muscle from premetamorphic tadpoles 
was assayed by following the incorporation of 
tritiated putrescine into dimethylcasein [16, 17]. 
The reaction mixture contained 1.3 mM CaCh, 10 
mM dithiothreitol, 5 mg/ml dimethylcasein, and 
0.4mM (18 KBq) [?H]putrescine in 50 mM Tris- 
HCl buffer at pH 7.4. Tissue homogenates sam- 
ples, containing 100-150 ug protein, were added 
to 0.7 ml of the reaction mixture and incubated 
aerobically for 20 min at 22°C. The reaction was 
terminated by the addition of 0.3 ml of 20% trich- 
loroacetic acid (TCA). After centrifugation of 
samples, TCA-insoluble materials were solubilized 
by NCS and added to the scintillation cocktail 
solution. Radioactivity in the samples was deter- 
mined using a liquid scientillation spectrophoto- 
meter (Packard Tricarb 1500). Protein content in 
the samples was assayed by the method of Brad- 
ford [18] with bovine serum albumin as a standard. 


Plasma T; in Thyroid Hormone-injected Tadpole 


RESULTS 


Thyroid hormone levels in plasma of premetamor- 
phic and climax stage tadpoles 


Neither T; nor Ty was detectable in the plasma 
of untreated tadpoles at stage V-VI, confirming 
previous findings [1-4]. When known amounts of 
T; or Ts were added to the plasma of these 
untreated premetamorphic tadpoles, recovery was 
greater than 90% (Table 1). Further, RIA of T; 
and T, in human plasma samples, diluted 1:4 with 
tadpole plasma and assayed by the procedure 
modified for amphibian samples, also yielded 
values greater than 90% of expected. RIA of 
plasma samples from tadpoles at metamorphic 
climax (stage XXI-XXII), by contrast, revealed 
high circulating levels of both hormones, compara- 
ble to values previously reported, with a T3:T, 
ratio of approximately 1:6 (Table 1). 


Time course of plasma T; and T, levels following 
hormone injection in premetamorphic tadpoles 


At 3 hr following i.p. injection of T3 (0.3 nmol/g 
body weight) in stage V-VI tadpoles (the earliest 
time point examined), plasma T3 levels were 10-20 
fold higher than those achieved during spon- 
taneous metamorphosis (climax values are shown 
as the horizontal shaded area in Fig. 1). Plasma 
levels declined to climax levels by 48 hr. When T 
and T, were co-injected at a 1:1 ratio, plasma T; 


TABLE 1. 
T; level 
(ng/ml) 
Premetamorphic n.d. (3) 


(stage V-VI) 
+T; (1 ng/ml) 0.94+0.09 (4) 
+T,; (10 ng/ml) ats 


+human plasma* 0.74+0.11 (3) 


Climax 
(stage XXI-XXII) 


0.51+0.12 (4) 


0.14-1.4° 
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levels declined over a similar time course at only 
slightly higher levels than that seen following injec- 
tion of T; alone. In contrast, following co- 
injection of T; and T, at a 1:6 mole ratio, plasma 
T3; levels showed a markedly slower rate of de- 
cline, suggesting in vivo conversion of a major 
portion of Ty to T;. From 48 hr through 96 hr post 
injection, plasma T3 levels were at least 6-fold 
higher than corresponding levels following injec- 
tion of T3 alone (Fig. 1). 

At 3hr following Ty, injection in stage V-VI 


Tg + T4 (1:6) 


Tg level in plasma (ng/m) 


Tg + T4 (1:1) 


G G6 tz 24 48 72 96 
Hours following hormone injection (ip) 


Fic. 1. Time course of T; levels in plasma of tadpoles at 
Stage V-VI following injection of T; (0.3 nmol/g 
body weight, i.p.) or co-injection of T; and T, at a 
mole ratio of 1:1 or 1:6. Each point represents the 
mean of at least four experiments; vertical bars 
indicate SD. The horizontal shaded area indicates 
the range of climax levels of T; as shown in TABLE 1. 


Determination of thyroid hormone levels in tadpole plasma by radioimmunoassay 


Recovery T, level Recovery 
(%) (ng/ml) (% 
n.d. (3) 

94 a 
9+2 (4) 90 
95 61+4 (3) 9? 
3+1 (4) 
1-6" 


Values are given as mean+SD with number of experiments in parentheses. 


n.d.: not detectable. 


* Dialized human plasma sample containing known amounts of T, (3.90 ng/ml) and T, (330 ng/ml) was 
diluted 1:4 with premetamorphic tadpole plasma prior to radioimmunoassay. 
® Data from Miyauchi et al. [1], Regard et al. [2] and Suzuki and Suzuki [4]. 
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tadpoles, plasma levels of Ty reached 20-100 times 
higher than the peak levels of Ty achieved during 
spontaneous metamorphosis (compare values to 
shaded horizontal region in Fig. 2a). Plasma levels 
approached peak levels of climax by 72 hr. Appa- 
rent in vivo conversion of Ty to T3 was again 
detected, following T, injection (Fig. 2b). For 
example, the 0.8 ng/ml level of T3 found 24 hr post 
T4 injection is comparable to the differential seen 
in Fig. 1 between the 24hr T3 value following 
co-injection of T3; and Ty, (1:1) and the value 
following injection of T3 alone. The appearance of 
T3 following T, injection was suppressed by appro- 
ximately 80% when Ty, was co-injected with iopa- 
noic acid (0.3 wmol/g body weight), an agent that 
inhibits the degradation of thyroid hormones [19] 
(Fig. 2b). 


Effect of T3 injection on transglutaminase (TG) 
activity in spinal cord, hindlimb bud and tail muscle 


TG activity was assayed in spinal cord and its 


T4 level in plasma (ng/ml) 


1.5 


1.0 


0.5 


Tg level (ng/ml) 


T4 + iopanoic acid 


OMG 24 48 72 96 
Hours following hormone injection (ip) 


F 


— 


G.2. Time course of Ty (a) or T3 (b) levels in plasma 
of tadpoles at stage V-VI following injection of T, 
(0.3 nmol/g body weight, i.p.). Effect of co- 
injection of T, and iopanoic acid (0.3 ~mol/g body 
weight, i.p.) on T3 levels is also shown in (b). Each 
point represents mean of at least four experiments; 
vertical bars indicate SD. The horizontal shaded 
area indicates the range of climax levels of T, as 
shown in TABLE 1. 


functionally related tissues, hindlimb and tail, to 
examine the time course of a T3-induced tissue 
response. In control, vehicle-injected, premeta- 
morphic tadpoles, TG activity was considerably 
lower in caudal than in lumbar spinal cord and was 
also lower in tail muscle than in hindlimb muscle 
(Table 2). Injection of T; markedly increased the 
enzyme activity in caudal spinal cord and tail 
muscle, tissues destined for degeneration and re- 
sorption (Fig.3, Table 2); maximal increases 
occurred in each tissue by 24—48 hr. Under these 
same conditions, TG activity in lumbar cord and 
hindlimb muscle, tissues destined for growth and 
differentiation, was unchanged. 


7 
Caudal spinal cord 

- 5 
e 
ec 
ro) 
(5) 
© 
= 
a3 
> 
2) 
oO 
O 
i Lumbar spinal cord 

1 

Hindlimb 
O 6 12 24 48 72 96 
Hours following T3 injection (ip) 

Fic. 3. Time course of T3-induced transglutaminase 


(TG) activity in spinal cord, hindlimb, and tail 
muscle. Developmental stage of tadpole and injec- 
tion protocol were similar to those described in 
TABLE 2. Each point represents mean of at least four 
experiments; vertical bars indicate SD. 


DISCUSSION 


Although premetamorphic tadpoles have vir- 
tually undetectable circulating levels of thyroid 
hromones, a finding confirmed in the present 
study, the ready responses of many of their tissues 
to exogenous T3 and T, have often been used as 
models of events at metamorphic climax [20, 21]. 
As an example, T3-induced increases in activity of 
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TABLE 2. 


Effect of administered T; on transglutaminase (TG) activity in lumbar and caudal 


spinal cord, hindlimb bud and tail muscle of tadpoles at stage V-VI 


TG activity (nmol/mg protein/h) 


T3 


Spinal cord: 
lumbar 3.57+0.60 (5) 


caudal 0.57+0.09 (5) 


Hindlimb muscle 4.50+0.78 (4) 


Tail muscle 5.40+1.14 (7) 


Ratio 


control (NaOH) (T;/control) 


3.09 +0.69 (5) 1.2 
0.09 +0.03 (5) 6.3" 
4.71+0.90 (4) 1.0 
1.17+40.24 (7) 4.6" 


T; (0.3 nmol/g body weight, i.p.) or NaOH (1.2 nmol/g body weight, i.p.) vehicle was injected into 


a ena premetamorphic tadpoles at stage V-VI. 


hindlim 
with number of animals in parentheses. 


and tail muscle were dissected and assayed for TG activity. 


After 48 hr, lumbar and caudal spinal cord and 
Values are given as mean+SD 


* Ratios were significantly increased above 1.0 (p<0.001). 


transglutaminase were detected in tail muscle and 
in caudal spinal cord (Table 2, Fig. 3), in agree- 
ment with previous findings that a T3-related in- 
crease in this enzyme is a harbinger of metamorph- 
osis-related cell death [14]. Further, the 24—48 hr 
period required for peak increases in TG activity 
was similar to the time required to achieve maxim- 
al T; or Ty injection-induced decreases in protein 
synthesis in tail muscle and tail dorsal root ganglia 
[6,9]. The tissue specificity of this T; response was 
indicated by the lack of change in TG activity in 
hindlimb bud or lumbar spinal cord. These tissues, 
in which protein synthesis increases at 24-48 hr 
post T; injection [8, 9], contain a predominance of 
cells destined for growth and differentiation. 
Thus, by the time the peak responses of tissue are 
reached in this single-injection protocol, the pre- 
metamorphic tadpoles have been exposed to circu- 
lating levels of T3 and T, as much as 10 to 100 times 
greater than the maximal circulating levels 
achieved during the endogenous surge of these 
hormones at metamorphic climax. The implica- 
tions of these high levels of plasma thyroid hor- 
mones must be considered when evaluating the 
physiological releavance of the premetamorphic 
model system. 


Implications of supraphysiological levels of plasma 
T; and T, 


Despite the relatively high circulating levels of 
thyroid hormone generated by hormone injection, 
the initial tissue responses were not markedly 
different from those occurring during spontaneous 


metamorphic climax. For example, the magnitude 
of T3-induced increase in [*H]leucine incorpora- 
tion in stage V-VI lumbar dorsal root ganglia was 
only slightly higher than the rise in [*H]leucine 
incorporation during spontaneous climax [9]. 
Similarly, the magnitude of T3-induced decrease in 
(*H]leucine incorporation in premetamorphic tail 
[6, 9] was comparable to the decrease in incorpora- 
tion during climax [22]. These similarities in tissue 
responses during induced and spontaneous meta- 
morphosis are not surprising in light of evidence 
that T; receptors in tadpole are essentially satu- 
rated at thyroid hormone levels attained during 
spontaneous metamorphic climax [23]. Thus, even 
though plasma T; and T, levels following hormone 
injection were markedly higher than 
achieved at climax, a greater tissue response would 
not be expected. 

It is also possible that supramaximal levels of 
circulating thyroid hormonses are required to pro- 
duce maximal tissue responses in the premetamor- 
phic tadpoles since T; and T4 may not comprise a 
sufficient endocrine model of metamorphic climax. 
Circulating levels of corticosterone and aldoster- 


those 


one, for example, also sharply increase at the onset 
of climax [24-26]. Since both of these corticoster- 
oids accelerate T4-induced shrinkage of isolated 
tail segments [27] and enhance T; binding to tail fin 
nuclei [28], it may be that maximal tissue responses 
mimicking those at metamorphic climax can be 
achieved in premetamorphic tadpoles by co- 
injecting lower doses of T; or T,4 with corticoster- 
oids. 
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Implications of Ty conversion to T3 


The rapid appearance of T3 in plasma following 
i.p. injection of Ty may result from a combination 
of factors. Although the converting enzyme, 5’- 
deiodinase (5'D), is not detectable in serum of 
premetamorphic tadpoles [11], the enzyme is pre- 
sent at low levels in gut [12]. Thus, i.p.-injected T, 
could be converted to T3 prior to its absorption 
into the circulation. The present results are also 
consistent with previous findings that 5’D can be 
induced in serum of premetamorphic tadpoles by 
endogenous thyroid hormone [11, 29]. But, 
whether T3 synthesis occurred via constitutive or 
induced 5’D, it is of interest that resulting circulat- 
ing level of T3 remained within the range of that 
occurring during spontaneous metamorphic climax 
(compare Fig. 2b with Table 1). Since the climax- 
mimicking level of T3; was maintained despite 
concomitant T, levels as much as 20-100 times 
greater than those at metamorphic climax, it may 
be that the same mechanisms that regulate climax 
levels of circulating T3 are at play when metamor- 
phic change is induced by exogenous T4. 


Implications for the physiological relevance of the 
premetamorphic model 


The present results reveal that the injection of a 
single dose of 0.3 nmol T3 or T4/g body weight in 
premetamorphic tadpoles, which has been fre- 
quently utilized to model events at metamorphic 
climax, subjects the animals for several days to 
supraphysiological levels of the hormones. De- 
spite this circumstance, and the probable absence 
of a variety of other hormones that normally 
circulate at metamorphic climax [30], the model 
appears to reproduce the climax-related changes in 
5°D and 5-deiodinase activity [12, 19] and to 
mimic, at least for short-term studies, many tissue 
responses associated with later stage tadpoles [9, 
20}. 

The present findings stress the values of assaying 
plasma levels of thyroid hormones when exploring 
models of metamorphic evnets. For example, it 
will be important to compare the time course of 
plasma levels achieved following hormone injec- 
tion with those resulting from hormone adminis- 
tration by immersion [23] and by pellet implants 


[31], approaches that produce more gradual rises 
in circulating hormone levels. Finally, the use of 
multiple radioimmunoassays should be of value for 
creating, in premetamorphic tadpoles, a multihor- 
monal milieu that more closely simulates the en- 
dorcine environment during metamorphic climax. 
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Estrogen Stimulates Peptidylarginine Deiminase Biosynthesis 
in the Primary Culture of Dispersed 
Rat Anterior Pituitary Cells 


SABURO NAGATA and TATSUO SENSHU 


Department of Biochemistry, Tokyo Metropolitan Institute of Gerontology, 
Sakaecho 35-2, Itabashi-ku, Tokyo-173, Japan 


ABSTRACT— Effects of sex steroids on peptidylarginine deiminase biosynthesis were examined in the 


primary culture of dispersed rat anterior pituitary cells. 


Without steroids, cells from 7 week to 6 


month-old rats incorporated [*°S]-amino acids into the immunoprecipitable enzyme protein. No 
incorporation was detected in cells from 4 week-old rats. The cells responded to 10 nM 17/-estradiol 
(E,) by an increase in the rate of enzyme biosynthesis regardless of sex and age of the rats. 
Diethylstilbestrol was as effective as E,, whereas testosterone and progesterone had no effect. Dot 
blot hybridization analysis demonstrated an increase in the znzyme mRNA level in the E,-stimulated 
cells. The results support that estrogen up-regulates the peptidylarginine deiminase expression in the 


rat pituitary. 


INTRODUCTION 


Peptidylarginine deiminase (protein-L-arginine 
iminohydrolase; EC 3.5.3.15) converts arginine 
residues in proteins to citrulline residues (reviewed 
in {[1]). The enzymes reported thus far can be 
classified into 3 types based on the differences in 
their tissue distribution, antigenicity and substrate 
specificity [2]. Among them, the muscle type 
enzyme distributes in a widest variety of tissues 
which differ morphology and function, and has 
been best characterized biochemically [2-4]. It is 
present in lactotrophs of the mature female rat 
pituitary and its content varies under the influence 
of estrogen [5, 6], suggesting possible involvement 
of the enzyme in female specific activity of lacto- 
trophs. We have previously reported that estrogen 
Stimulates the enzyme biosynthesis in a clonal rat 
pituitary cell line [7]. However, such an estab- 
lished cell line may have different functional char- 
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acteristics from normal pituitary cells. Therefore, 
the present study has been done using primary 
cultures of dispersed rat anterior pituitary cells. 
The results confirm the data obtained in our pre- 
vious in vitro and in vivo studies [6, 7], suggesting 
that estrogen up-regulates the expression of pep- 
tidylarginine deiminase in the rat pituitary. 


MATERIALS AND METHODS 


Wistar rats derived from Japan SLC (Shizuoka, 
Japan) were bred in the animal facility of the 
Tokyo Metropolitan Institute of Gerontology, and 
immature (4 weeks of age) to mature (4—6 months) 
males and females were used. Rats were decapi- 
tated under light ether anesthesia, pituitaries were 
removed aseptically, and the anterior lobes were 
isolated under a dissecting microscope. The cells 
were dispersed with trypsin-EDTA solution (GIB- 
CO, Grand Island, NY) according to the previous- 
ly described method [8]. After washing with the 
medium, the cells from 6-10 lobes were resus- 
pended at 4-5 10° cells/ml, and dispensed at 3 
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ml/well into 6 well plates (Corning Glass Works, 
Corning, NY). The culture medium was a phenol 
red-free DMEM /F-12 mixture (Sigma, St. Louis, 
Mo.) supplemented with 10% normal horse 
serum, 2.5% fetal bovine serum, 2.85 g¢/1 of 
NaHCO; and 1.5 g/l of glucose. Sera were pretre- 
ated with dextran-coated charcoal to deplete free 
steroids [7]. After incubation for 4 days in 5% 
CO, and 95% air at 37 C, the cells were treated for 
24 hr with steroids as described previously [7]. 

Cells were biosynthetically labeled with [°°S]- 
amino acids as described previously [7]. Briefly, 
monolayered cells in each well were incubated for 
Lhr with 3.7 MBq Tran *S-Label (ICN, Costa 
Mesa, Ca.) in 1 ml methionine-free DMEM/F-12 
medium. After incubation, the cells were lysed in 
1% NP-40, 1mM PMSF, 150mM NaCl, 10 mM 
Tris-HCl, pH 7.2, and the lysates were centrifuged 
for 20 min at 10000<g. The supernatants were 
normalized for radioactivity incorporated into 
TCA-precipitable proteins and then immunopre- 
cipitated with rabbit antisera against rat muscle 
peptidylarginine deiminase, growth hormone 
(GH) or prolactin (PRL) and protein A-Sepharose 
CL-4B (Pharmacia, Uppsala, Sweden). The im- 
munoprecipitates were analyzed by SDS- 
polyacrylamide gel electrophoresis (SDS-PAGE) 
followed by fluorography [7]. 

Total RNA fractions from cultured cells were 
prepared by the guanidinium/CsCl method and 
analyzed by dot blot hybridization technique as 
described previously [9]. Probes used for hybri- 
dization were peptidylarginine deiminasse cDNA 
[4] and chicken actin cDNA (Oncor, Gaith- 
ersburg, Md.) which were labeled using [°’P]- 
dCTP (New England Nuclear, Boston, Ma.) and 
the random priming DNA labeling kit (Boehrin- 
ger, Mannheim, Germany). 


RESULTS AND DISCUSSION 


First, anterior pituitary cells from 6 month-old 
females were cultured without steroid and labeled 
with [*°S]-amino acids. Figure 1 shows a fluoro- 
graph of immunoprecipitates prepared from the 
cell extract, demonstrating incorporation of 
labeled amino acids into peptidylarginine deimi- 
nase (75 kilodalton (kd)), GH (22 kd) and PRL 


94> 
67> 


43> 


30> 


20.1> 


Fic. 1. Immunoprecipitation of [°°S]-labeled peptidy- 
larginine deiminase, GH and PRL. Anterior pituit- 
ary cells from 6-month old females cultured without 
added steroid were labeled with [*°S]-amino acids. 
Peptidylarginine deiminase (lane 1), GH (lane 2) 
and PRL (lane 3) in the cell extract were immunop- 
recipitated and those from about 210° cells (lane 
1) or 1X 10* cells (lanes 2 and 3) were analyzed by 
SDS-PAGE. Molecular weight of marker proteins 
were given as kd. 


(24 kd). When cells were incubated with 10 nM E, 
or DES, incorporation of labeled amino acids into 
the enzyme and RRL increased as compared with 
the control culture (Fig. 2). Testosterone had no 
appreciable effect, and progesterone seemed 
slightly suppressive on the incorporation into both 
the enzyme and PRL. None of these steroids 
affected the incorporation into GH. The observed 
effects of steroids on PRL biosynthesis are consis- 
tent with those reported previously [10]. 

Effects of E, on the peptidylarginine deiminase 
biosynthesis were examined similarly in cells from 
female and male rats at various ages (Fig. 3). 
Without E,, no enzyme biosynthesis could be 
detected in cells from 4 week-old males and 
females. However, the enzyme biosynthesis was 
detectable in these cells upon E, stimulation. The 
enzyme biosynthesis was detectable in cells from 7 
week- and 4 month-old rats of both sexes, although 
its activity was slightly lower in male cells than in 
female cells. The E>, treatment increased the 
enzyme biosynthesis in these cells. It caused 5 to 
10-fold increase in the rate of enzyme biosynthesis, 
as estimated by liquid scintillation counting of the 
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Fic. 2. Effects of various steroids on biosynthesis of 
peptidylarginine deiminase (A), PRL (B) and GH 
(C). Anterior pituitary cells from 6-month old 
female rats were preincubated for 24h in the 
medium alone (lane 1) or with 10 nM of E; (lane 2), 
DES (lane 3), testosterone (lane 4) or progesterone 
(Lane 5), were labeled with [*°S]-amino acids, and 
the immunoprocipitates were analyzed by SDS- 
PAGE. 
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Fic.3. Effects of E, on peptidylarginine deiminase 
biosynthesis in anterior pituitary cells from male and 
females rats at various ages. Cells were obtained 
from females (lanes 1 and 2) or males (lanes 3 and 4) 
at 4 weeks (A), 7 weeks (B) and 4 months (C) of 
ages and incubated for 24 hr with (lanes 2 and 4) or 
without (lane 1 and 3) 10nM E>. The cells were 
labeled and peptidylarginine deiminase was im- 
munoprecipitated for SDS-PAGE analysis. 


RNA 


Fic. 4. Effects of E, on the peptidylarginine deiminase 
mRNA level of anterior pituitary cells. Cells from 5 
to 6 month-old females were incubated for 24 hr 
with (lane 2) or without (lane 1) 10 nM E>, and the 
total RNA fractions were analyzed by dot blot 
hybridization. Blots were first hybridized with a 
[°?P]-labeled peptidylarginine deiminase cDNA (A), 
and then the probe was stripped by immersing for 3 
min in boiling water for reprobing with a labeled 
chicken actin cDNA (B). 


immunoprecipitates (data not shown). 

To see the effect of estrogen on the peptidylargi- 
nine deiminase MRNA level, anterior pituitary 
cells from 5 to 6 month-old females were cultured 
for 24 hr with or without 10 nM E, and the total 
RNA fractions were analyzed by dot blot hybri- 
dization. Figure 4 shows about 4 to 8-fold increase 
in the enzyme mRNA level by E, treatment. 
However, no detectable change was found in the 
actin MRNA levels. 

These results agree with our previous data in- 
dicating that estrogen stimulates peptidylarginine 
deiminase biosynthesis in a clonal pituitary cell line 
[7]. It has been well established that the plasma 
estrogen level varies during the estrous cycle of the 
female rat [11]. Therefore, variation of the en- 
zyme contents of the pituitary [6] and the uterus [5] 
during the estrous cycle may be, at least in part, 
brought about by the direct action of estrogen on 
these tissues. From the present and our previous 
studies [7] the stimulatory action of estrogen on 
the enzyme synthesis may be most likely mediated 
by increased transcription in a subset of cells. 
However, it may be also mediated in part by 
selective proliferation of a heterogeneous pituitary 
cell population. 

Our previous study have shown that both male 
and female rat pituitaries contain barely detectable 
amounts of peptidylarginine deiminase at 3 weeks 
of age [6]. The enzyme content of female pituitar- 
ies markedly increases by 3 months showing an 
estrous cycle-related variation, whereas it remains 
low in males. The present findings on the enzyme 
biosynthesis in E>-untreated cells are consistent 
with this ontogenic appearance of the enzyme in 
the female pituitary. However, cells from 7 week- 
and 4 month-old rats were found to synthesize 
substantial amounts of the enzyme regardless of 
sex. This apparent difference suggests some male- 
specific control may be operating in vivo to sup- 
press the enzyme expression by pituitary cells. 

Watanabe ef al. [9] have recently reported an 
interesting variation pattern of the peptidylargi- 
nine deiminase MRNA level in female rat pituitar- 
ies around the estrous cycle. The mRNA level 
starts increasing at metesterus attaining the max- 
imum level at diestrus, while the enzyme content 
attains its maximum level between proestrus and 
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estrus [6]. This shows, a sharp contrast to the in 
vitro findings that the estrogen-mediated increase 
in the enzyme content follows the mRNA increase 
with a short (less than 3hr) time lag [7]. In 
addition, the magnitude of the mRNA variation is 
greater than 50-fold in the pituitary in contrast to 
only 4 to 8-fold increase observed in vitro. There- 
fore, additional factors may be involved in the 
regulation of peptidylarginine deiminase express- 
ion in the pituitary, which would modify the 
estrogen action at the levels of transcription, trans- 
lation as well as mRNA stability. 
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A Rapid and Sensitive /n Vitro Bioassay of Follicle Stimulating 
Hormone: Estradiol-17 Formation by Dispersed Seminiferous 
Tubule Cells from Immature Rats 


SAN TAI SHEN and JOHN YUH-LIN Yu 


Endocrinology Laboratory, Institute of Zoology, Academia Sinica, 
Taipei, Taiwan, ROC, 11529 


ABSTRACT—The aromatase activity of Sertoli cells enriched cultures from immature rat testis has 
recently been utilized for in vitro bioassay of follicle stimulating hormone (FSH), with conversion of 
exogenous 19-hydroxyl-androstenedione (19OH-A) to estradiol-17 being used as end point. The 
process of the preparation of cultured Sertoli cells was, however, rather lengthy. We have simplified the 
bioassay system, by directly employing the dispersed seminiferous tubule cells, without initial culture of 
the Sertoli cells for 2-4 days, for incubation with FSHs. Such simplified incubation system was found to 
be rapid, sensitive and specific for im vitro bioassay of purified FSH preparations. In brief, decapsulated 
testes, obtained from 12 days old rats, were dispersed with collagenase for 10 min in Medium A. The 
dispersed seminiferous tubule cells were distributed into the multiwell of culture plate, preincubated 
with 19OH-A for 2 hr and then incubated with varying doses of FSHs in Medium B (Mediums A +0.125 
mM MIX) at 25°C for 20 hr, under continuous aeration in Dubnoff incubator shaken at 50 cycle/min. 
Dose related estradiol-17 productions were produced by various mammalian FSHs. Such simplified 
incubation system is highly reliable and useful for in vitro bioassay of FSH activity from purified 
hormonal preparations or for monitoring FSH activity during isolation of the hormones. Cyclic AMP 
formation and accumulation by the dispersed seminiferous tubule cells were also investigated. The 
results indicated that the estradiol-178 formation system is more sensitive than the cyclic AMP 


© 1991 Zoological Society of Japan 


production system for in vitro FSH bioassay. 


INTRODUCTION 


Gonadotropins are synthesized in and secreted 
from pituitary glands of diverse mammalian and 
nonmammalian vertebrate species [1, 2]. In most 
vertebrate species, two distinct types of pituitary 
gonadotropins have been identified, LH and FSH. 
FSH regulates gonadal maturation, ovarian folli- 
cles development and testis seminiferous tubule 
spermatogenesis [3-8] as well as gonadal ster- 
oidogenesis [9-13]. Various biological assay sys- 
tems have been established for quantification of 
the FSHs prepared from pituitaries or present in 
circulation [14, 15]. The classical method for in 
vivo FSH bioassay of Steelman and Pohley [16], 
based on the augmentation with human chorionic 
gonadotropin (hCG), has been widely used. Be- 
cause of its low sensitivity, it is not convenient for 
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measuring samples of small amount, and for 
routine assays. To improve the sensitivity, several 
in vitro bioassays for FSHs have been developed 
for purified preparations or pituitary extracts. 
These include, the measurement of [*H]-thymidine 
uptake into mouse ovaries [17], [*H]-glucosamine 
incorporation into proteoglycans by porcine granu- 
losa cells [18], cAMP production by rat seminifer- 
ous tubules [19], plasminogen activator production 
by rat granulosa cells [20], the stimulation of 
estradiol production in rat Sertoli cells [10, 15, 21] 
and aromatase activity in rat granulosa cells [14]. 
Recently, the stimulating effect of FSH on aroma- 
tase activity which converting androgen to 
estrogen by primary cultures of granulosa cells and 
Sertoli cells have been improved [15, 22]. FSH 
specifically stimulates the aromatase activity of the 
primary cultures of both granulosa cells and Sertoli 
cells prepared from gonads of immature female 
and male rats, respectively; in these studies, dose 
related formations of estradiol-17 are produced 
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from the added testosterone [10, 11, 21, 22]. 
Although both assay systems have been improved 
recently, the whole process is still rather lengthy 
with respect to the preparation of cultured granu- 
losa cells and Sertoli cells. We thus have attemp- 
ted to further improve such assay systems. We 
report here a rapid, sensitive, and reliable in vitro 
FSH bioassay, basing on the estradiol formation 
activity by dispersed seminiferous tubule cells pre- 
pared from immature male rats. 


MATERIALS AND METHODS 


Hormones and chemicals 


Ovine FSH (NIADDK-oFSH-17), human FSH 
(NIDDK-hFSH-B1), ovine LH (NIADDK-oLH- 
25), ovine TSH (NIADDK-oTSH-12), ovine PRL 
(NIADDK-oPRL-18) and ovine GH (NIADDK- 
OGH-14) were a generous gift of the National 


TABLE 1. 
FSH bioassay 
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Hormone and Pituitary Program, NIADDK, Balt- 
imore, MD. Porcine FSH (USDA-pFSH-B1) was 
from the USDA Animal Hormone Program, 
USA. Human menopausal gonadotropin (HMG), 
pregnant mare serum gonadotropin (PMSG), in- 
sulin (from bovine pancreas, for cell culture, 24.5 
IU/mg), 1-methyl-3-isobutyl-xanthine (MIX), 
bovine serum albumin (BSA, Fraction V), HEPES 
(N-2-hydroxy-ethyl piperazine N-2-ethane sulfonic 
acid), collagenase (Clostridiopeptidase A; EC 
3.4.24.3; type I), penicillin/streptomycin and 19- 
hydroxyl-androstenedione (19OH-A) were purch- 
ased from Sigma Chemical Co. ST. Louis, MO. 
Medium 199 (with Hanks’ Salts and L-Glutamine) 
was from GIBCO Laboratories, Chagrin Falls, 
Ohio. Tritiated estradiol-176 (2, 4, 6, 7, 16, 
17-[H], 55 Ci/m mol) and cyclic AMP (2, 8-[°H]; 
45 Ci/m mol) were purchased from the New Eng- 
land Nuclear Co. Boston, MA. The specifications 
and biological potencies of the hormones assayed 


Source, specifications, sensitivity and relative potencies of the hormones assayed in the present 


Specified Sensitivity? Relative? (95% Fiducial? Linear range? 

HEROES SOULE potencies (ng) Potency limit) of doses (ng) 
Human FSH NIH 1,683 IU/mg 0.1 910 (800-1100) 0.1, 0.2, 0.4, 1, 2 
(NIDDK-hFSH-B-1) (x2nd IRP-HMG) 
Ovine FSH NIH 20XNIH-FSH-S1 NS) 100 (9L=112) § idly 2 are 
(NIADDK-oFSH-17) 0.05 x NIH-LH-S1 
Porcine FSH USDA 2.0 NIH-FSH-B1 14 12 (8-15) 10, 20, 40, 100 
(USDA-pFSH-B1) 
PMSG Sigma 2620 IU/mg SoZ) 30 (15-30) 4, 10, 20, 40 
(Sigma G-4877) 
HMG Sigma FSH 47.4 1U/mg 20 5 (3-6) 40, 100, 200, 500 
(Sigma G-8760) LH 52.7 1U/mg 
Bovine TSH NIH TSH 27 IU/mg 80 1 (0.7-1.4) 100, 250, 500, 1000 
(NIADDK-bTSH-11) (FSH< 1%) 
Ovine LH NIH 2.3 NIH-LH-S1 580 0.2 (0.15-0.29) 500, 1000, 2000 
(NIADDK-oLH-25) (FSH<0.5%) 
Ovine GH NIH 1.9 1U/mg 2,000 0.1 (0.086-0.12) 2000, 5000, 10000 
(NIADDK-oGH-14) (FSH<2%) 
Ovine PRL NIH 3.0 [U/mg > 10,000 <0.001° — — 


(NIADDK-oPRL-18) 


(FSH<0.5%) 


“ The mean base line estradiol-178 production from dispersed seminiferous tubule cells without hormones 
(controls) plus two standard deviations was the method used to extrapolate the sensitivity. 
> The relative potency of hormone preparations was estimated by the weighting method suggested by Finney [30] 


for parrallel line assays, using the ovine FSH (NIADDK-oFSH-17) as a refernce (=100). 


presented as weighted mean with 95% fiducial limits. 
©“ Doses of ovine PRL, up 10,000 ng, did not evoke estradiol-17 production. 
“ Within these doses range, the amounts of estradiol-17@ production after logarithmic transformation were 
plotted against the log doses of hormones, giving a linear dose response curve. 


The data are 
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in the present study are summarized in Table 1. 


Animals 


Immature male Wistar rats (12, 16, 18, 20 and 28 
days old) were purchased from the Laboratory 
Animal Center, National Taiwan University, 
Taipei, Taiwan. They were sacrificed immediately 
after delivery to the laboratory. The rats were 
raised at temperature controlled room (23+2°C) 
and lighting schedule was 12L:12D. Adult rats 
were fed with Puina Chows and water supplied ad 
libitum. 


Preparation of dispersed seminiferous tubule cells 


The method used for the preparation of the cells 
was modified from the procedures employed by 
Dorrington ef al. [23] and Van Damme et al. [21]. 
Briefly, decapsulated testes, from 10 rats of 12 
days old were incubated in Medium A (Medium 
199 with 25 mM HEPES, penicillin 10,000 units/ 
100 ml, streptomycin 5 mg/100 ml, 0.1% BSA, 
10% sodium bicarbonate 1 ml/100 ml, pH 7.40) 
containing collagenase (2 mg/1 g testis/4 ml) in an 
incubator shaken at 100 cycles/min at 35°C for 10 
min. Seminiferous tubules were settled to the 
bottom of centrifuge tube (50 ml, Falcon) follow- 
ing addition of another 10 ml of Medium A, and 
the supernatant was decanted to remove intersti- 
tial cells. The seminiferous tubules were repeated- 
ly washed with 10 ml of Medium A for three times, 
and were then dispersed by collagenase (2 mg/1 g 
testis/4 ml) again at 35°C for 30 min in a capped 
Falcon centrifuge tube, placed horizontally, in the 
incubator shaken at 100 cycles/min. The resulting 
cell suspension was filtered through 22mm 
Nylon mesh. The cells were collected by low speed 
centrifugation (600 x g), and were suspended in 35 
ml of Medium B (Medium A with 0.125 mM MIX, 
pH 7.40). The number of cells was counted with 
hemocytometer, and viability of the cells was 
determined by checking its exclusion ability of 
trypan blue. Viability was routinely greater than 
95%. Three hundred microliter of cell suspension 
containing 210° viable cells was transferred to 
each incubation well (16 mm x 24 Nonclon). 


Sertoli cell aromatase bioassay 


Dispersed seminiferous tubule cells were 


preincubated in Medium B (Medium A with 0.125 
mM MIX, pH 7.40) with 150 ng 19OH-A in 100 «al 
(400 «l/well). After 2 hr preincubation, FSHs or 
other hormones which were dissolved in 100 sl of 
Medium B, were added to respective culture well. 
The total incubation volume was 500 «l per well. 
Cells were incubated in a Dubnoff incubator 
shaken at S50cycles/min with water saturated 
atmosphere that consisted of 95% O, and 5% CO, 
at 35°C for 20hr. The medium was stored at 
—20°C freezer until estradiol-172 radioimmu- 
noassay. 


Age difference of the Sertoli cell aromatase activity 


Immature Wistar rat testes from various age 
groups (12, 16, 18, 20 and 28 days old) were used 
as source to investigate the age difference of 
aromatase activity. Dispersed seminiferous tubule 
cells were prepared as described previously. Each 
incubation well contained 2 10° cells (in 300 sl), 
150 ng of 19OH-A (in 100 1) and varying doses of 
oOFSH (in 100 wl). The protein contents of cells of 
each well were extracted with and precipitated by 
0.2 N perchloric acid, and were then determined 
by Lowry method [24]. 


Time course pattern of estradiol-17 formation 


The time course patterns of estradiol-17/ forma- 
tion by dispersed seminiferous tubule cells from 12 
days old rats were investigated. Dispersed cells 
prepared as described previously, incubated with 
or without 20 ng ovine FSH at 35°C, separately, 
for 0, 2,4, 6, 8, 10, 12, 14, 16, 18 and 20 hr. At the 
end point of incubation, the incubated media were 
stored at —20°C until assay. 


Radioimmunoassay of estradiol-17/3 


Preliminary experiments on the quantification of 
estradiol-17 present in the incubation medium 
revealed that the estradiol contents were similar 
either with or without ether extraction. 
quently, the estradiol radioimmunoassay of in- 
cubation medium was performed directly without 
ether extraction. The radioimmunoassay of estra- 
diol-17 was as described previously [25]. The 
antiserum was produced in rabbits by immuniza- 
tion with estradiol-6-CMO : BSA (Steraloids Inc.). 
The antibody was highly specific for estradiol-17/. 


Conse- 
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The cross reactions relative to  estradiol-17£ 
(100%) were: estrone, 2.9%; estriol, 0.6%; estra- 
diol-17a, 0.2%; testosterone, 19OH-A, and other 
steroids had negligible cross reactions with this 
antiserum [25]. 


Formation and accumulation of cyclic AMP. of 
dispersed seminiferous tubule cells 


A separate study was conducted to examine time 
course pattern of and dose response in the forma- 
tion and accumulation of cyclic AMP by the dis- 
persed seminiferous tubule cells upon FSH sti- 
mulations. The preparation, preincubation and 
incubation conditions of the dispersed cells from 
12 days old rats were as described previously, but 
without addition of exogenous 190H-A. For the 
time course studies, the cells were incubated with 
200 ng of oFSH for various time intervals during 
the 20 hr incubation period. For the dose response 
studies, the cells were incubated with varying 
doses of ovine FSH or ovine LH for 2hr. The 
incubated cells and media were then pipetted to 
glass tubes (12X75 mm) and heated in boiling 
water for 10 min. The amount of cyclic AMP was 
determined by competitive protein-binding 
method [26, 27]. The cyclic AMP binding protein 
was prepared from fresh bovine adrenal cortex by 
our laboratory [28] based on Gilman preparation 
method [29]. 


Statistical analysis 


The statistical calculations of regression, linear- 
ity, parallelism and potency estimates between 
different preparations of the hormones were per- 
formed by computer program (STATGRA- 
PHICS) according to the statistical equations and 
the methods described by Finney [30]. 


RESULTS 


The Effect of methyl-isobutyl-xanthine (MIX) on 
estradiol-17 formation 


The effect of MIX on aromatase activity of 
dispersed seminiferous tubule cells from 12-day- 
old rats was investigated. As indicated in Figure 1, 
dose related estradiol-17@ formations were pro- 
duced by the dispersed seminiferous tubule cells 


@——e With MmMIx 


o——O Without MIX 


Estradiol —176 (ng)/0.5 mi/well 


05 1 10 100 
Ovine FSH (ng) 

Fic. 1. The effects of 0.125mM _ methyl-isobutyl- 
xanthine (MIX) on estradiol-17@ formation of dis- 
persed seminiferous tubule cells prepared from 12 
days old rat upon stimulation with varying doses of 
ovine FSH. The data are expressed as mean+SEM 


of triplicate assays from a single incubation experi- 
ment. 


following 20 hr of incubation with increasing doses 
of ovine FSH in the presence or absence of 0.125 
mM MIX. Addition of 0.125 mM MIX augmented 
FSH-stimulated estradiol-17£ production consider- 
ably, and also increased the sensitivity greatly. As 
a consequence, MIX was included in the incuba- 
tion system for all experiments in the present 
study. 


Time course patterns of estradiol-178 production 


As shown in Figure 2, estradiol-17 production 
was detectable 2 hr after incubation with 20 ng 
oFSH, and estradiol-178 was increased more than 
10-fold after 20 hr incubation. As indicated, estra- 
diol-178 formation was increasing linearly during 
the first 12hr of incubation, and gradually 
approached the plateau thereafter. The amounts 
of estradiol-172 production at 20 hr of incubation 
were approximately 30% greater than those at 12 
hr of incubation. 


Comparisons of age difference in estradiol-178 
formation 

The ability and capacity of estradiol-17@ forma- 
tion by dispersed seminiferous tubule cells were 
compared for rats from 12 through 28 days old at 
various age groups. As indicated in Table 2, testis 
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Fic. 2. Time course patterns of estradiol-17 formation 
from exogenous  19-hydroxyl-androstenedione 


(190OH-A) by dispersed seminiferous tubule cells of 
12 days old rat. The cells (210° cells/well) were 
incubated with or without 20 ng of ovine FSH. The 
data are expressed as mean+SEM of duplicate 
assays from three separate incubations. 


weight, total cell number and protein content of 
dispersed cells were all increased with age. In our 
present study, the Sertoli cells were not identified; 
thus the number of dispersed cells represented the 
total number of both Sertoli cells and germ cells. 
Considerable age difference in estradiol-17f pro- 
ductions was observed. As indicated in Figure 3, 
the aromatase activity (estradiol-17 formation) 
expressed on basis of cell numbers per incubation 
well was decreased with increasing age; similar age 
pattern of aromatase activity was also observed 
when expressed on basis of protein content per 


TABLE 2. 


16 12D 
3 
> 
> 12 
ane 
o 
re) 
~y 
£ 08 
QoQ 
t= 
\ 16 D 
2 
© ie 8 20D 
a eB ag ena & 28D 
Ww 


Ovine FSH (ng) 


Fic. 3. Age difference of dose related estradiol-17/ 
formation curves of dispersed seminiferous tubule 
cells (210° cells/well) prepared from rats at va- 
rious age groups (12, 16, 18, 20 and 28 days (D) old), 
in response to ovine FSH stimulation. The data are 
expressed as mean+SEM of duplicate assays from 
three separate incubations. 


incubation well (Data are not shown). The highest 
aromatase activity was observed in 12 days old 
rats. Cells from 16, 18, and 20 days old had much 
lower aromatase activity. The estradiol-17/ 
formation by the cells from 28 days old rats was 
undetectable. Thus, 12 days old rats were selected 
in the present study, for provision of Sertoli cells 
for in vitro FSH bioassay. 


Hormonal specificity and responses to FSHs and 
FSH-like gonadotropins from different species 


As shown in Figure 4, parallel dose-related 


Comparisons of the testis weight, and cell number and protein content of the seminiferous 


tubule cells in the immature rat of various age groups* 


Age (days) 12 16 18 20 28 
Body weight (g) 24.3+0.7 28.5+2.6 NH LEL7 34.5+2.0 56.1+3.4 
Testes weight 44.3+3.2 70.5+3.5 97.6+4.5 191.3+8.6 209.5 
(mg/pair testes) 

Available cells” 28.2+1.2 36,842 5 44.5+3.4 7a00+4.9 280+5.2 
(10°/pair testes) 

Total protein‘ 0.98+0.08 1.26+0.10 2.20+ 1.16 3.65+0.31 14.0+1.1 


* The data are expressed as the mean + SEM from three separate assays. 


In each assay, 10 rats of each age 


group were sacrificed, and the body weight and testes were pooled for each group. 

© The total number of viable cells prepared from dispersed seminiferous tubules was counted with 
hemocytometer as described in Materials and Methods. 

© The total protein content (mg/dispersed seminiferous tubule cells of the pair testes) was determined by 
Lowry method, as described in Materials and Methods. 
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Fic. 4. Comparative potencies of FSHs and FSH-like gonadotropins in estradiol-17P 
formations by dispersed seminiferous tubule cells prepared from 12 days old rats. A: 
Human FSH; B: Ovine FSH; C: PMSG; D: Porcine FSH; E: HMG. The specifications 
of the hormones are indicated in Table 1. The data are expressed as mean+SEM of 
duplicate assays from three separate incubations. 


estradiol-17 formations were produced by human 
FSH, ovine FSH, porcine FSH, HMG, and 
PMSG. The potencies of these purified FSHs or 
FSH-like gonadotropins were different, with hu- 
man FSH being the most potent. The amounts of 
estradiol-172 production after logarithmic trans- 
formation were plotted against the log doses of 
hromones, giving linear dose response curves with 
mean slope 0.780 (0.753-0.827). None of the five 
dose-response curves significantly nonparallel to 
each other (p<0.05). In contrast, excessively 
large amounts of ovine LH, ovine GH and bovine 
TSH were needed to evoke dose-related estradiol 
formations (Figure 5). The stimulatory potencies 
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Fic. 5. Hormonal specificity in stimulation of estradiol- 


17£ formation by dispersed seminiferous tubule cells 
prepared from 12 days old rats. The data are 
expressed as mean+SEM of duplicate assays from 
three separate incubations. 


on Sertoli cells aromatase activity of ovine LH, 
ovine GH and bovine TSH were 0.2%, 0.1% and 
1.0% of ovine FSH (NIADDK-oFSH-17), respec- 
tively (Table 1). Treatment with ovine PRL (up to 
10,000 ng), however, did not stimulate estradiol 
production by this bioassay system. The precision 
of this in vitro FSH bioassay as characterized by 
the mean index of precision (A) was 0.064 in 8 
multiple assays of ovine FSH at 3 dose levels. 
Sensitivity and relative potencies of the tested 
hormones in the present study are summarized in 
Table 1. 


Cyclic AMP formation and accumulation of dis- 
persed seminiferous tubule cells 


From the time course pattern experiment (Fi- 
gure 6), upon stimulation with 200 ng of ovine 
FSH, cyclic AMP content was increased during the 
first 2 hr of incubation, gradually decreased after- 
wards, and declined to the basal control level at 20 
hr of incubation. As shown in Figure 7, dose- 
related cyclic AMP accumulation was produced by 
ovine FSH; the maximal response of cyclic AMP 
production was about 11-fold from the cell con- 
trols, without hormonal stimulation, and the 
lowest detection sensitivity was about 10 ng/cul- 
ture well, with respect to ovine FSH (NIADDK- 
oFSH-17). Ovine LH, up to 1000ng, did not 
evoke the cyclic AMP formation and accumulation 
by the dispersed seminiferous tubule cells. 
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Fic. 6. Time course patterns of cyclic AMP accumula- 
tion of dispersed seminiferous tubule cells of 12 days 
old rat. The cells were incubated with or without 
200 ng of ovine FSH. The data are expressed as 
mean+SEM of triplicate assays from a single in- 
cubation experiment. 
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Fic. 7. Dose response curve of cyclic AMP accumula- 


tion of the dispersed seminiferous tubule cells stimu- 
lated by ovine FSH. The cells were incubated in 
Medium A containing 0.125 mM MIX for 2 hr, at 
35°C. The data are expressed as mean+SEM of 
duplicate assays from three separate incubations. 


DISCUSSION 


The Steelman-Pohley method [16] is the most 
frequent!y used assay for measuring FSH bioactiv- 
ity in pituitary and urinary preparations. Howev- 
er, the sensitivity of such in vivo FSH bioassay is 
relatively low. Several in vitro FSH _ bioassay 
methods have been established [17-22, 31]. 
Methods have been reported for isolation and 
maintenance on primary cultures of Sertoli cells 


obtained from immature rat testis [10, 11, 23]. 
These culture cells have been shown to respond to 
added FSH and dibutyryl cAMP [6] and led to 
synthesis of estradiol-17, when testosterone was 
added to the culture cells [10, 11, 23]. Van 
Damme et al. [21] further applied this in vitro 
system for measurement of biological activity of 
FSH preparations and of pituitary extracts. Pad- 
manabhan ef al. [15] improved this Sertoli cell 
aromatase bioassay for estimating FSH activity in 
unextracted human serum. Jia and Hsueh [22] 
reported a granulosa cell aromatase bioassay based 
on FSH-stimulated estrogen production by cul- 
tured granulosa cells. The processes of culture for 
obtaining both enriched Sertoli cells and granulosa 
cells were rather lengthy [10, 11, 14]; we have thus 
attempted to simplify the bioassay system by 
directly utilizing the dispersed seminiferous tubule 
cells for incubations, without prior initial culture of 
cells. 

The results from the present study have clearly 
indicated that the dispersed seminiferous tubule 
cells per se, without initial culture of Sertoli cells, 
are capable of converting exogenous androgen to 
estrogen, in a dose-related manner, in response to 
FSH stimulation. The estradiol production from 
cell control to maximal response was about 10- 
fold. Our studies also demonstrated that the 
dispersed seminiferous tubule cells responded, 
specifically, to FSH, but did not respond to other 
related hormones such as TSH, LH, PRL and GH, 
except at extremely excessive amounts. The hor- 
monal specificity of this FSH bioassay is consistent 
with the results reported by previous researchers 
who have employed the cultured Sertoli cells for 
the bioassay system [15, 21, 32]. Our results also 
indicated that the responsiveness of dispersed 
seminiferous tubule cells (Sertoli cells plus germ 
cells), employed in present study, is similar to that 
of enriched Sertoli cells used by others [15, 21, 32]. 
The ability of other cell types, to metabolize 
testosterone, in the seminiferous tubules from 
immature rats was previously investigated [6, 23]. 
They reported that cell suspensions consisting of 
85-90% spermatocytes prepared from immature 
rats formed dihydrotestosterone as a major metab- 
lite of testosterone. A _ small 
androstane-3a, 17/-diol was also formed, but this 


amount of Sa- 
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was probably due to the low level of contamination 
with Sertoli cells. Spermatids, on the other hand, 
have little, if any, S5a-reductase or 3a- 
hydroxysteroid dehydrogenase activity. Peritubu- 
lar myoid cells did not synthesize detectable 
amounts of estrogen when incubated in the pre- 
sence of testosterone. These studies provided a 
basis for us to develop the bioassay system in the 
present study by directly employing the dispersed 
seminiferous tubule cells, without initial culture of 
Sertoli cells. 

Signal transduction of gonadotropins is medi- 
ated by binding to the membrane receptor and 
activating cyclic AMP formation [33, 34]. Xanth- 
ine, a phosphodiesterase inhibitor, is able to en- 
hance the sensitivity of testis interstitial cell ster- 
oidogenesis stimulated by LH [35-37] and granu- 
losa cell estrogen production challenged by FSH 
[22]. In this study, addition of 0.125mM MIX 
greatly enhanced the sensitivity of estrogen pro- 
duction; such results are comparable to those 
reported by others using different bioassay systems 
2232): 

The sensitivity of the present simplified system is 
0.17 mIU of FSH (Figure 4). Such simplified 
bioassay system is 3- to 6-fold less responsive as 
compared to the relevant bioassay systems em- 
ploying Sertoli cells [15, 21, 32] and granulosa cells 
[22]. In their procedures, the steps of initial 
culture of the cells for one day [21] or several days 
[15, 22, 32] were needed prior to stimulation with 
FSHs. By contrast, in our simplified procedure the 
initial step of the culture of Sertoli cells was 
omitted. It has been shown that the sensitivity of 
the response is greatly increased with increase of 
the time length of initial culture of Sertoli cells 
from 24 hr to 124 hr before stimulation with FSHs 
[15, 21, 22, 32]. Furthermore, it has been demons- 
trated that the sensitivity of the assay is increased 
by the addition of insulin, transferrin, epidermal 
growth factor, hydrocortisone, human chorionic 
gonadotropin and/or retinoic acid to the culture 
medium [15]. In our simplified procedure, these 
factors, however, were not included in the incuba- 
tion medium. Consequently, these different in- 
cubation conditions, as described above, are be- 
lieved to be the main causes responsible for the 
different responsiveness between the previous sys- 


tems and our simplified procedure. By omitting 
the step of initial culture of Sertoli cells, our 
simplified bioassay system has thus considerably 
shorten the length of bioassay from 4-5 working 
days [31] to 2 working days (this study) without 
curtailing the sensitivity of the assay to a great 
extent. Such simplified and rapid incubation sys- 
tem is thus useful for monitoring FSH activities 
during isolation and characterization of the hor- 
mone, and for routine assays of biological activity 
of purified mammalian FSH preparations. In 
addition, such system is also convenient and useful 
for comparisons of FSH activities of pituitary 
extracts or of purified FSH preparations from 
various vertebrate classes (will be published else- 
where). 

The present results revealed that the effect of 
FSH on estradiol-17 synthesis by dispersed semi- 
niferous tubule cells prepared from rats of 12 days 
of age, however, was more dramatic than at 16, 18 
and 20 days of age. Dispersed seminiferous tubule 
cells from rats of 28 days of age synthesized only 
small amounts of estradiol-17 in the presence of 
19OH-A. Such age differences in estradiol-17f 
formation activity were discernible, regardless ex- 
pressed either by per unit of protein, or by per unit 
of total number of cells per incubation well. Our 
results are generally comparable to the previous 
findings by Dorrington and Armstrong [6, 10] 
using the cultured Sertoli cells for incubations. 
Our results together with previous findings thus 
indicate that the estradiol formation capacities (or 
the aromatase activities) of Sertoli cells from rats 
of 10 to 12 days of age are virtually the same 
regardless with or without presence of germ cells 
under the in vitro conditions. 

Since FSH atimulates adenyl cyclase activity 
leading to cyclic AMP formation, the determina- 
tion of cyclic AMP produced by immature rat 
seminiferous tubule cells has also been employed 
for FSH bioassay [19, 28, 38, 39]. The results from 
the present study revealed that cyclic AMP forma- 
tion was five-fold less sensitive than that of estra- 
diol-17 formation. Estradiol-17f is the end and 
stable product of aromatase stimulated by FSH in 
the Sertoli cells; while cyclic AMP, the secondary 
messenger of the hormone, is rapidly and con- 
tinuously metabolized within the cells. Conse- 
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quently, the estradiol-17 formation system is con- 
sidered to be more reproducible and reliable than 
the cyclic AMP formation system. 

In summary, we have established a simplified, 
rapid and sentitive in vitro FSH bioassay system, 
measuring estradiol-17 conversion from exoge- 
nous 19QOH-A by dispersed seminiferous tubule 
cells prepared from immature rats, without initial 
culture of Sertoli cells. Such incubation system is 
suitable for estimating FSH activity from purified 
hormonal preparations, or for monitoring FSH 
activity during isolation and characterization of the 
hormone from pituitary gland or placenta. 
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Effect of Arginine Vasotocin (AVT) and AVT-Related Peptide 
on Skin Gland Secretion in Xenopus laevis 
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Department of Biology, School of Education, Waseda University, 
Tokyo 169-50, Japan 


ABSTRACT— Arginine vasotocin (AVT) and AVT C-terminally extended with glycine (AVT-Gly) 
were isolated from the neurointermediate lobes of the bullfrog, Rana catesbeiana, using C;y SEP-PAK 
cartridges, and Sephadex G-50 and reverse-phase HPLC columns. These peptides exhibited marked 
aldosterone-releasing activity when injected into Xenopus juveniles. AVT-Gly (0.1-5 ug) as well as 
AVT (0.01-5 4g) injected subcutaneously into Xenopus juveniles (8 g body weight) stimulated the 
discharge of a secretory material presumably from the granulated glands in the skin, AVT-Gly being 
less potent than AVT. Both peptides also induced defecation in the animals, the incidence of 


defecation increasing with higher dosage. 


INTRODUCTION 


The neurointermediate lobe of amphibians con- 
tains potent stimulators of aldosterone release 
from the adrenocortical tissue [1]. Recently, we 
have isolated two active peptides from the 
neurointermediate lobes of the bullfrog and iden- 
tified them as arginine vasotocin (AVT) and AVT 
C-terminally extended with glycine (AVT-Gly), 
apparently derived from a _ pro-vastocin- 
neurophysin precursor [2]. Both exist in the 
hypophyseal tissue in almost equal quantities and 
exhibit equipotent activity in stimulating water- 
flux from the isolated urinary bladder of the 
Japanese toad and the release of aldosterone from 
the adrenals of Xenopus [3]. AVT-Gly has also 
been isolated from the neurointermidiate pituitary 
glands of Rana esculenta and termed hydrin 2, 
since, like AVT, it increases water uptake from 
hypotonic bathing solutions through the skin of 
frogs [4]. According to Ireland [5], AVT causes an 
intense skin gland secretion in Xenopus. In the 
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present paper, we report that both AVT-Gly and 
AVT induce discharge of secretory material from 
the skin glands, and cause defecation in Xenopus. 


MATERIALS AND METHODS 


Preparations of AVT and AVT-Gly 


AVT and AVT-Gly were purified from an acid- 
acetone extract of the neurointermediate lobes of 
the bullfrog (Rana catesbeiana) by elution with Cj 
SEP-PAK cartridges (Waters), a Sephadex G-5S0 
column (Pharmacia) and reverse-phase HPLC col- 
umns (TSK ODS120T, TOSOH) as described pre- 
viously [3]. The final preparations were checked 
for their aldosterone-releasing activity in vivo with 
Xenopus laevis juveniles (about 8 g b.w.), accord- 
ing to the previously described procedures [3]. 
Radioimmunoassay for aldosterone in the plasma 
was carried out using standard aldosterone 
(MERCK), [*H]-aldosterone (New England Nuc- 
lear Co.) and anti-aldosterone serum (Miles- 
Yeda). The details have been described elsewhere 
[6]. 
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Dermal gland response 


Xenopus juveniles weighing 6-8 g were injected 
subcutaneously with various amounts of AVT or 
AVT-Gly dissolved in 50 wl of saline. Each animal 
was kept separately in a glass container (15 cm in 
diameter). Dermal gland responses to the peptides 
were evaluated by observing the dorsal side of the 
skin with the naked eye for 60 min. Occurrence of 
defecation during the observation period was also 
recorded. 


Histological study 


After a 60 min of observation period, the anim- 
als were sacrificed by decapitation. A piece of 
dorsal skin (0.50.5 mm) was taken from each 
specimen, fixed in Bouin’s fluid, processed 
routinely for light microscopy and stained with 
PAS-azan. 


RESULTS AND DISCUSSION 


Both AVT and AVT-Gly prepared for the pre- 
sent experiments exhibited marked aldosterone- 
releasing activity. Hypophysectomized Xenopus 
juveniles received a subcutaneous injection of 0.1 
ug of AVT or AVT-Gly. Plasma aldosterone 
levels measured 20 min after the treatment were 
significantly higher (P<0.05; Duncan’s new multi- 
ple range test) in AVT-treated (14.10+1.80 ng/ 
ml, n=5) and AVT-Gly-treated (11.42 +2.38 ng/ 
ml, n=5) groups than in the saline-injected con- 
trols (1.17+0.43 ng/ml, n=5). There was no 


TABLE 1. 
amount injected AVT 

(4g) aaa + 

5 3 2 

1 5 0 
0.5 3 2 
0.1 3 2 
0.05 0 4 
0.01 0 0 


significant difference between the value for the 
AVT-treated group and that for the AVT-Gly- 
treated group. The results were consistent with the 
previous ones, which showed that AVT and AVT- 
Gly stimulated aldosterone release from the adren- 
als of Xenopus both in vivo and in vitro [3]. Thus, 
it was confirmed that both preparations possessed 
bioactivity. 

Within a few minutes after subcutaneous injec- 
tion of a suffficient amount of AVT or AVT-Gly, 
discharge of a milky-white material from the skin 
glands was observed. Both peptides in relatively 
high doses caused intense secretion, and the secre- 
tion became less conspicuous as the dose was 
decreased. As shown in Table 1, AVT appeared 
to be more potent that AVT-Gly in stimulating the 
discharge of the secretory material. On the other 
hand, the aldosterone-releasing activities of the 
AVT and AVT-Gly preparations did not differ 
under the present experimental conditions. 
According to our previous results [3], AVT and 
AVT-Gly also showed equipotent activity in stimu- 
lating aldosterone-release from the adrenals of 
Xenopus and water-flux from the isolated bladder 
of the Japanese toad. 

In Xenopus laevis, two types of skin gland are 
known: the granulated gland and the mucous gland 
[7, 8]. In addition, two other types of gland have 
recently been described by Fujikura et al. [9], and 
designated the small granulated gland and the NP 
gland. NP glands are found only in the nuptial pad 
of the male forelimb, whereas the others are 
widely distributed over the body surface. In the 


Induction of skin gland secretion and defecation by AVT and AVT-Gly 


AVT-Gly 
~ ++ + — 

0 (4)* 4 1 0 (4) 
0 (5) 4 1 0 (5) 
0 (3) 2 2 Fe) 
0 (1) 0 3 2 (1) 
1 (1) 

5S (0) 


++, more than 50% of the dorsal surface was covered with a milky-white secretory 
material; +, less than 50% of the dorsal surface was vovered with a milky-white secretory 


material; —, 


absence of any milky-white secretory material on the dorsal surface. 


* Incidence of defecation during a 60-min observation period. 
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— =~ a 
Fic. 1. Histological view of skin glands of the saline-injected (A), and AVT-Gly (5 g)-injected (B). G, granulated 
gland; M, mucous gland; SG, small granulated gland. x 300. 
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specimens which discharged a massive milky-white 
material in response to AVT or AVT-Gly, the 
granulated gland contained less azocarmine- 
positive material and the musculature surrounding 
the gland exhibited contraction. The effect of the 
peptide on the mucous and small granulated glands 
was less conspicuous. However, the musculature 
surrounding them seems to be contracted (Fig. 
1B). The results were consistent with those 
obtained by Ireland using synthetic AVT [5]. In 
the animals which was not evoked skin gland 
secretion with relatively low dosage of AVT or 
AVT-Gly, the granulated glands were large and 
rich in the secretory material as in the saline- 
injected controls (Fig. 1A). The present results 
indicate that AVT-Gly is less potent than AVT in 
inducing contraction of the smooth muscle sur- 
rounding the granulated glands. 

In parallel with the response of the skin glands 
to AVT and AVT-Gly, the incidence of defecation 
from the cloaca was increased (Table 1). Neurohy- 
pophyseal peptides are known to induce contrac- 
tion of the oviducts of vertebrates other than 
mammals and AVT appears to be especially active 
[10]. It is of interest to note that in Xenopus, 
AVT-Gly as well as AVT elicits defecation pre- 
sumably by inducing contraction of the intestinal 
musculature. 

According to Rouillé et al. [4], the neurohy- 
pophysis of Bufonidae and Ranidae contains 
AVT-Gly in addition to AVT, whereas that of 
Xenopus contains AVT and AVT C-terminally 
extended with the Gly-Lys-Arg sequence (hydrin 


1). Whether the latter peptide also stimulates 
aldosterone release, skin gland secretion and de- 
fecation remains to be clarified. 
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ABSTRACT—Adult females of the moth, Heliothis virescens (Noctuidae), were decapitated at 
embryogence and injected with various doses of juvenile hormone (JH) I, II, or III in 5 wl corn oil. 
All three hormones promoted dose-dependent egg maturation while corn oil only did not. JH I and II 
appear to be more active than JH III. Egg maturation was inhibited by treatment of females with 50 
ug precocene II. This inhibitory activity could be reversed by JH therapy. Compactin, an inhibitor of 
HMG-CoA reductase (an enzyme necessary for the formation of a JH precursor), had no effect on 


JH-mediated egg maturation in H. virescens. 


INTRODUCTION 


Oogenesis in insects may be divided into distinct 
phases such as previtellogenic development of 
oogonia, vitellogenesis, and choriogenesis, during 
which various biochemical and morphological 
changes occur in the oocyte. These phases are 
regulated to varying degrees by hormones such as 
juvenile hormone (JH), 20-hydroxyecdysone (20- 
OHE), and neurosecretions [1]. During chori- 
ogenesis, follicle cells surrounding the developing 
oocyte synthesize and deposit an eggshell, the 
chorion, at the end of vitellogenesis [2]. Nijhout 
and Riddiford [3] documented the necessity of 
corpora allata (CA) and its secretion, JH, for egg 
maturation in the moth, Manduca sexta. Similarly, 
egg maturation in decapitated adult Heliothis vires- 
cens was restored with JH III therapy [4]. Addi- 
tionally, Ramaswamy et al. [4] reported on the 
dose-dependent inhibitory effect of precocene II 
on JH-dependent egg maturation in H. virescens. 
In a recent report, Helicoverpa zea females were 
also shown to require JH for egg maturation [5]. It 
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is further reported that CA of H. zea females are 
capable of producing JH I, II, and III in vitro, with 
the latter 2 being quantitatively predominant [5]. 

The current study was conducted to determine 
the comparative activity of JH I, Il, and III in 
promoting egg maturation in H. virescens. An 
additional objective of this study was to determine 
if the inhibitory effect of precocene II could be 
reversed with JH therapy. 


MATERIALS AND METHODS 


Heliothis virescens larvae were reared on a 
wheat germ diet (Bioserv, Frenchtown, New 
Jersey) in plastic cups. Female pupae were placed 
under a 14:10 L:D reversed photoperiod in cages 
in an environmental chamber at 25+2°C, 60% 
RH. Adults emerge only during scotophase and, 
consequently, pupae were observed every 15 min 
for adult emergence throughout scotophase begin- 
ning one hour before light off [6]. Adults emerging 
within each 15 min period were grouped and their 
time of emergence denoted time zero. Moths used 
within each test were from the same generation; 
however, the tests were conducted separately over 
several generations. 
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A group of adults within 15 min of emergence 
was anesthetized with CO>,, and moths were de- 
capitated with iridectomy scissors. Immediately 
after decapitation, females were injected with va- 
rious doses of JH I, II, or HI (Sigma, St. Louis, 
MO) dissolved in 5 ul generic corn oil purchased 
from a local grocery store (Kroger). A group of 
decapitated females treated with 5 wl corn oil only 
served as the treated controls. Another group was 
anesthetized and left intact, and unfed, to serve as 
the untreated controls. All treatments were per- 
formed in a dark room with red Kodak safety lights 
[4]. Treated moths survived for 5 days under these 
conditions. Upon recovery from anesthesia, moths 
were placed in 500 ml opaque plastic cups lined 
with moist Kimwipes in the environmental cham- 
ber noted above and dissected at 27 hr after em- 
ergence to count chorionated oocytes. These data 
were subjected to regression analysis to determine 
the dose-response activity of the 3 hormones. The 
data were subjected to the Generalized Linear 
Models (GLM) procedure [7] to determine if there 
were any differences in slopes and intercepts of the 
three hormones, indicative of differential poten- 
cles. 

Another group of adults at emergence was anes- 
thetized and injected with 50 ug precocene II 
(Sigma) in 5y1 corn oil. A second group of 
females was injected with 5 wl corn oil and served 
as controls. Twenty four hours later, the precocene- 
treated feamels were divided into 2 groups, one 
receiving 10 «g JH II in 5 pl corn oil and the other 
receiving corn oil only. The control group received 
another dose of 5 wl corn oil. After treatment, 


females were left unfed in plastic cups with mois- 
tened Kimwipes. The number of eggs chorionated 
by such females 48 hr (24 hr after JH treatment) 
after emergence was determined. These data were 
subjected to analysis of variance (ANOVA) and 
Student-Newman-Keuls’ (SNK) multiple range 
test. 

A group of adults within 15 min of emergence 
was anesthetized and injected with 50 ~g compac- 
tin in 5 wl distilled water. A second group was 
injected with 5 pul distilled water only, while a third 
group of moths was left untreated. Moths were left 
unfed in cups in the environmental chamber as 
described above. The number of eggs matured by 
the three groups of females was determined 27 hr 
later. These data were subjected to ANOVA. 


RESULTS AND DISCUSSION 


Injection of three hormones to decapitated 
females restored egg maturation in a dose- 
dependent manner (Fig. 1a). Linear relationships 
between response and dose for each hormone were 
assumed (note that the linear relationship for JH II 
with an r* of 0.582 may be questioned), and the 
data were subjected to the SAS-GLM procedure. 
A significant difference in the intercept of the 3 
regression lines was found (Fig. la; P=0.0064), 
suggesting that the 3 hormones exhibited differ- 
ences in the amount necessary to elicit activation 
of egg maturation; however, there was no signi- 
ficant difference in the slopes (Fig. 1a; P=0.2203). 
JH I and II were significantly more effective than 
JH Il (P<0.05; GLM-Least Significant Differ- 


TABLE 1. Egg maturation responses of virgin, decapitated females of Heliothis virescens to various doses of 
synthetic juvenile hormones (Mean+SE Oocytes/Female) (n=21-38) 


TREATMENT JH I % MORTALITY JH II % MORTALITY _ JH III % MORTALITY 


Undecapitated 59.2 + 6.1 0 38), 
Oil 1.42+ 1.40 0 1.42 
0.01 ng VES = 4 82 0 13.6 
0.05 ng 56.6 +17.00 20 44.1 
0.10 ng SOAs EZ AS (6) 44.8 
0.50 ug 65.8 +19.40 ll eal 
1.00 xg 117.45 +20.72 0 80.1 
5.00 pug 78143-12203 4.4 70.8 
10.00 pg 58.4 +16.34 Aled 110.3 


ac @,l 0 Se ae) ©. Il 0 
+ 1.40 0 1.42+ 1.40 0 
ae 2 0 1.24+ 1.00 0 
+ 13.04 4.8 I. se USO 4.4 
ae I)(8) 14.3 So) ae BAS 0 
+18.01 2D) Ie ae Joel!) 20.8 
+ 14.30 16.7 Ae ete Se) 0 
ata BOS 13.6 3939), ae Ye OW) 
+ 13.84 16 100.6 +17.10 4.8 


Egg Maturation in Heliothis 


y = 25.73 + 91.32x; = 0.819; 0.01 <p <0.025 


O JHI: 


2 


A JHIl: y= 24.46 +62.64x; fr =0.582; 0.05<p<0.10 


B JHill: y= 1.13 + 39.55x; a = 0.982; 0.0001 < p < 0.005 


Mean Number of Oocytes/Female 


0.0 0.2 0.4 0.6 0.8 1.0 1.2 


Dose (ug) 


Mean Number Oocytes/Female (+ SE) 


Precocene Ili + JH Ill 


Precocene II + Oil 


Control 
Treatment 


Fic. 1. a: Linear regression lines for JH I, II, and III (n 
=39 at each dose); b: Responses of virgin female 
Heliothis virescens to treatment with corn oil (con- 
trol; n=34), precocene II+oil (n=24), or pre- 
cocene I]+juvenile hormone III (n=43). See text 
for details on dose and time of treatment. 


ence) in promoting egg maturation. However, JH 
III elicited the most significant correlation of dose- 
response activity (Fig. la). Further increase in 
dose beyond 1 «vg of JH I resulted in suppression of 
egg maturation (Table 1). However, increasing 
the dose of JH II or III to 10 yg resulted in a 
further increase in chorionated eggs. This suppres- 
sion of egg maturation by JH I could not. be 
accounted for by any increased mortality in treated 
moths because data presented in Table | are only 
from moths that were alive 24 hr after JH treat- 
ment. Note, however, that there were varying 
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levels of mortality in treated versus control moths 
(Table 1). The reason for the overdose effect of 
JH I needs to be determined. 

The greater sensitivity of H. virescens females to 
JH I and JH IL is intriguing in light of the fact that 
in Helicoverpa zea, JH | comprises only about 10% 
of the three JHs synthesized by CA in vitro; JH II 
and JH III comprise the rest in approximately 
similar amounts [5]. Similarly, in M. sexta, while 
JH I and JH II are more active than JH III for egg 
maturation, the CA synthesize approximately 
equal amounts of JH II and JH III [3, 8]. In 
another noctuid moth, Pseudaletia unipuncta, CA 
in vitro synthesize predominantly JH II followed 
by JH I and JH III [9]. In light of the greater 
sentivitity to JH I and JH II in H. virescens, CA in 
this species may be hypothesized to synthesize 
more JH I and II than JH III. This may be 
resolved by determining JH biosynthesis in vitro by 
CA from H. virescens. Alternatively, the different 
JHs may have different physiological roles. Addi- 
tionally, as suggested by Satyanarayana et al. [5] 
and Cusson ef al. [9], in vitro synthesis of JH by 
excised CA may not reflect CA activity in vivo. 
Currently, studies are being conducted to deter- 
mine the physiological role of JH in vitellogenesis 
and choriogenesis in H. virescens and will be 
reported on later. 

Injection of 50g precocene II into virgin 
females immediately after emergence significantly 
depressed egg maturation compared with control 
individuals (Fig. 1b), corroborating earlier findings 
in H. virescens [4]. Injection of 10 ~g JH III 24 hr 
after precocene treatement resulted in a reversal of 
the inhibitory effect of precocene II as evidenced 
by the resurgence in egg maturation 24 hr later in 
such individuals (Fig. 1b). This further supports 
the idea that egg maturation in imaginal H. vires- 
cens is controlled by JH. Such reversal of the 
inhibitory effect of precocene by JH therapy has 
been considered to be proof of anti-JH activity of 
precocenes for the physiological process under 
study [10].. 

The fungal metabolite, compactin (ML-236B), is 
an inhibitor of HMG-CoA reductase, an enzyme 
necessary for the of 3-hydroxyl-3- 
methylgulutaryl-CoA to mevalonic acid, a precur- 
sor of JH in insects [11]. Injection of 50 xg of this 


reduction 
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compound in 2 doses has been shown to exhibit 
anti-JH activity in larvae of Mamestra brassicae, 
the cabbage armyworm [12]. Injection of 50 ug 
compactin in 5 wl water in a single dose to newly 
emerged H. viescens females resulted in produc- 
tion of 163.7 (417.7 SE; n=40) eggs, which is not 
significantly different from 173.6 (424.1 SE; n= 
26) and 142.9 (+18.5 SE; n=41) eggs matured by 
water injected or untreated control females, re- 
spectively (P>0.25, one way ANOVA). These 
data suggest that compactin is ineffective in in- 
hibiting the JH-dependent egg maturation process 
in H. virescens. The reasons for this inactivity 
could be three-fold: 1) mevalonic acid for JH 
synthesis may be present in the CA in sufficient 
quantities at adult emergence; and, consequently, 
inhibition of HMG-CoA reductase after adult em- 
ergence has no effect on JH biosynthesis; 2) com- 
pactin is ineffective in inhibiting mevalonic acid 
synthesis in H. virescens; or 3) the dose injected 
was insufficient and did not reach a critical level. 
These alternative hypotheses remain to be tested. 
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Innervation of the Cerebral Superficial Arteries and the 
Parenchymal Small Vessels in Elaphe quadrivirgata 
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ABSTRACT—The innervation of the cerebral arteries in the striped snake, Elapha quadrivirgata, was 
studied by catecholamine fluorescence, acetylcholinesterase (AChE)-activation staining, and immuno- 
histochemistry. Aminergic nerve fibers (Amn) showed dense meshworks of fine fibers not only in the 
cerebral carotid and basilar arteries but also in the cerebral parenchymal small vessels. Cholinergic 
nerve fibers (Chn) were distributed more densely than Amn in the cerebral carotid and basilar arteries, 
but were sparse in the cerebral parenchymal small vessels. The vasoactive intestinal polypeptide (VIP)-, 
substance P (SP)-, neurokinin A (NKA)- and calcitonin gene-related peptide (CGRP)-like immunoreac- 
tive (LI) nerve fibers were very densely distributed in the cerebral carotid and basilar arteries, and 
moderately distributed in the cerebral parenchymal small vessels. Neuropeptide Y (NPY)-LI nerve 
fibers were not detected in the superficial cerebral arteries, but they were distributed in the cerebral 
parenchymal small vessels. No differences of the distributions of Amn, Chn and peptide-LI nerve fibers 
were observed in the normal half side or in the undeveloped half of the cerebral carotid arteries. When 
examined by double staining, SP-, NKA- and CGRP-LI nerve fibers showed almost identical 
distribution patterns. Three different patterns existed concerning the relationship between Chn and 
VIP-LI nerve fibers: 1) Chn and VIP-LI nerve fibers coexisting, 2) Chn living alone, and 3) VIP-LI 
nerve fibers living alone. 


studies were performed only for the superficial 


INTRODUCTION 


It has been thought that the cerebral blood 
vessels consist of the cerebral carotid and basilar 
systems which are controlled by aminergic nerve 
fibers (Amn) and cholinergic nerve fibers (Chn) 
whose neurotransmitters are noradrenaline and 
acetylcholine, respectively, with these neurotrans- 
mitters playing a main role in vasomotor modula- 
tion [1-9]. 

Recently, immunohistochemical developments 
have enabled the discovery of a number of pep- 
tide-like immunoreactive (LI) nerve fibers in the 
walls of cerebral blood vessels and, as a result, it 
appears that vasomotor modulation involves a 
complicated neuro-control mechanism [10-20]. 
However, since these findings have all been re- 
ported separately, a connection among the various 
nerves has not been elucidated. Moreover, these 
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cerebral arteries in mammals and the examination 
of superficial cerebral arteries or parenchymal 
small vessels in submammalian animal species has 
rarely been performed. 

Using immunohistochemical techniques, distri- 
butional patterns and the connection of Amn, Chn 
and peptide-LI nerve fibers, including substance P 
(SP)-, neurokinin A (NKA)-, calcitonin gene- 
related peptide (CGRP)-, vasoactive intestinal 
polypeptide (VIP)- and neuropeptide Y (NPY)-LI 
nerve fibers were examined in the superficial cere- 
bral arteries and parenchymal small vessels of 
Elaphe quadrivirgata, which have a specific vascu- 
lar system consisting of an undeveloped half side of 
the cerebral carotid artery. 


MATERIALS AND METHODS 


A group of 30 striped snakes, E. quadrivirgata, 
were used in this study. To detect Amn and Chn, 
the catecholamine fluorescence technique by 
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Falck-Hillarp [21] and the acetylcholinesterase 
(AChE)-activation staining technique by 
Karnovsky-Roots [22] were used. The detection of 
these nerves has been already reported in detail by 
Tagawa et al. [23]. 

In the immunohistochemical studies, each pep- 
tide-LI nerve fiber was detected using the perox- 
idase-antiperoxidase (PAP) technique [24] or the 
avidin-biotin peroxidase complex (ABC) techni- 
que [25], in the superficial cerebral arteries or the 
parenchymal small vessels, respectively. 

After fixation by perfusion with cold Zamboni’s 
solution [26], the cerebral parenchym was post- 
fixed in block form at 4°C for 24 hr with the same 
solution. The block was incubated in 0.1 M phos- 
phate buffer (PB) containing 10% and 20% su- 
crose at 4C for 48 hr each and mounted in gelatin. 
After re-fixation with Zamboni’s solution at 4°C 
for 24 hr and incubating in 0.1 M PB containing 
10% and 20% sucrose at 4°C for 48 hr each, the 
block was frozen with dry-ice isopentane and 15- 
20 um slices were reacted with the ABC reagent 
(Vector Inc., ABC KIT). The slices were treated 
with the first antibody (anti-SP, anti-NKA, anti- 
CGRP, anti-VIP and anti-NPY antibody) and the 
biotin conjugated second antibody at room 
temperature for 30 min each and the ABC reagent 
at room temperature for 60 min. They were then 
stained with peroxidase-substrate solution for 8 
min, counter-stained with methyl-green. Then the 
parenchymal small vessels were observed under 
the microscope. Amn and Chn in the cerebral 
parenchym were observed in paraffin embedded 
slices using a catecholamine fluorescence techni- 


TABLE 1. Details 


que and in frozen slices using an AChE-activation 
staining technique, respectively. 

After fixation by perfusion with cold Zamboni’s 
solution, the whole-mount preparation of the su- 
perficial cerebral arteries, was re-fixed with the 
same solution at 4°C for 48 hr, and reacted for 1 hr 
with 0.1 M phosphate buffer saline (PBS) contain- 
ing 1% HO; to abolish the non-specific perox- 
idase reaction. The PAP technique was performed 
while washing with 0.1 M PBS containing 0.3% 
Triton-X (PBST). After treatment with anti-SP, 
anti-NKA, anti-CGRP, anti-VIP and anti-NPY 
antibodies (at 4°C for 2hr each) followed by 
washing with PBST, the slices were reacted with 
goat anti-rabbit IgG (Cappel PA, 1: 200) at 4°C for 
24 hr and again washed with PBST. They were 
then reacted with anti-rabbit PAP (Zymed, 1 : 200) 
at 4°C for 2hr and stained with a solution of 
3,3’ -diaminobenzidine (DAB, Sigma). Lastly, the 
slices were dehydrated, mounted and observed 
under a microscope. 

The coexistence of an autonomic neurotransmit- 
ter and a peptide, or a peptide and a peptide was 
examined using the double staining technique. In 
the double staining of VIP-LI nerve fibers and 
Chn, VIP-LI nerve fibers were stained by the PAP 
technique using 4-chloro-1-naphthol and next, Chn 
was identified with the AChE-activation staining 
technique. Double staining with SP-NKA or SP- 
CGRP was examined using a fluorescein labeled 
antibody technique [27]. The slices were treated 
with anti-rabbit NKA or anti-rabbit CGRP anti- 
body at 4°C for 48 hr, followed by washing, and 
reacted with tetramethylrhodamine isothiocyanate 


cf antibodies used 


First antibody Antibody code Host Dilution Sourse Reference 

SP FP03 Rabbit 1:5000 Dr. H. Kamiya Takano et al. 
Fukuoka Univ. [33] 

NKA FK03 Rabbit 1 :5000 Dr. H. Kamiya Takano et al. 
Fukuoka Univ. [33] 

CGRP R.842701 Rabbit 1: 1200 Milab Uddman et al. 
Malmo, Sweden [34] 

VIP R.785202 Rabbit £21200 Milab Matsuyama et al. 
Malmo, Sweden [13] 

NPY R.840403 Rabbit 1: 1200 Milab Itakura et al. 
Malmo, Sweden [29] 

Mo-SP B7A35 Rat 


2500 sera-lab Cuello et al. 
England [35] 
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(TRITC)-labeled anti-rabbit IgG (SEIKAGAKU 
KOGYO Co., 1:200) at 38°C for 1 hr. Then, they 
were reacted with anti-rat monoclonal SP antibody 
at 4°C for 48 hr, washed and again reacted with 
fluorescein isothiocyanate (FITC)-labeled anti-rat 
IgG (ICN, 1:200) at 38°C for 2 hr. The slices were 
washed, mounted with glycerin-PBS (1:1) and 
observed under a fluorescence microscope. 

The names of the companies at which the first 
antibodies were prepared, and their dilution rates 
are shown in Table 1. In order to examine the 
specificities of the antibodies, absorption tests 
were performed. 


AY "ig 
oh eae iyi.e. a 
ce : - ° a. Of a 
* —_ c.e.a 
. Miviad 
* fr a. 
* SC: a: 
rp: 
DG. d. 
b.a 
Vv. a. 
Elaphe quadrivirgata atra 
Fic. 1. Diagram of the arterial supply to the ventral 


surface of the brain in the Elaphe quadrivirgata. 
m.e.a. ethmoidal artery; a.c.a. anterior cerebral 
artery; c.e.a. cerebro-ethmoidal artery; m.c.a. mid- 
dle cerebral artery; r.a. anterior ramus; c.c.a. cere- 
bral carotid artery; r.p. posterior ramus; p.c.d. 
posterior cerebral artery; b.a. basilar artery; v.a. 
vertebral aretry. 


RESULTS 
A schematic illustration of the  angio- 
architecture of the cerebral arteries in E. 


quadrivirgata is shown in Figure | and the distribu- 
tional densities of Amn, Chn and peptide-LI nerve 
fibers in the superficial cerebral arteries and the 
parenchymal small vessels is shown in Table 2. 
Both the cerebral carotid and basilar arteries were 
found to be well innervated by Amn. Amn in the 
cerebral carotid and basilar arteries showed a 
dense distribution consisting of meshworks of fine 
fibers (Figs. 2, 3). These fine Amn were also 
evident in the cerebral parenchymal small vessels 
as well as in the superficial cerebral arteries (Fig. 
4). In addition, the cerebral carotid and basilar 
arteries were well innervated by Chn with a very 
dense distribution of meshworks (Figs. 5, 6), 
although the distribution was sparse in the cerebral 
parenchymal small vessels (Fig. 7). 

The distribution of VIP-LI nerve fibers was 
markedly dense, covering the cerebral carotid and 
basilar arteries and the cerebral parenchymal small 
vessels (Figs. 8-10). Although both SP- and 
NKA-LI nerve fibers were distributed rather de- 
nsely in both the cerebral carotid and _ basilar 
arteries (Figs. 11, 12, 14, 15), their distributions in 
the cerebral parenchymal small vessels were far 
more dense as compared with the cerebral carotid 
and basilar arteries (Figs. 13, 16). CGRP-LI nerve 
fibers revealed a very dense distribution over the 
cerebral carotid arteries (Fig. 18), but their dis- 
tributions in the basilar arteries and the paren- 
chymal small vessels were only moderately dense 
(Figs. 17, 19). Although NPY-LI nerve fibers 
could not be observed in either the cerebral carotid 
or basilar system, they were found with NPY- 
positive nerve cells in the cerebral parenchyma. 
No differences were found among the distribution- 
al densities of Amn, Chn or peptide-LI nerve 
fibers in the cerebral carotid arteries in the normal 
half side or in the undeveloped half. 

A similar distributional pattern was shown 
among SP- and NKA-LI or SP- and CGRP-LI 
nerve fibers when examined by double staining 
(Figs. 20, 21). However, VIP-LI nerve fibers and 
Chn were found in three patterns: 1) VIP-LI nerve 
fibers and Chn existing together, 2) VIP-LI fibers 
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Fic. 2. Aminergic innervation of the cerebral artery. Arrow indicates Amn. xX 100. 


Fic. 3. Amn (arrow) of the cerebral carotid artery and its branch. a. cerebral carotid artery; b. posterior ramus; c. 
anterior ramus X 100. 


Fic. 4. Amn (arrow) which distributed in the small vessel of cerebral parenchym. 250. 
Fic. 5. Chn (arrow) of the basilar artery. 100. 


Fic. 6. Chn (arrow) of the cerebral carotid artery and its branch. a. cerebral carotid artery; b. posterior ramus; c. 
anterior ramus X 100. 


Fic. 7. Chn (arrow) in the cerebral parenchymal small vessel. 100. 
Fic. 8. VIP-LI nerve fiber (arrow) of the basilar artery. 100. 
Fic. 9. VIP-LI nerve fiber (arrow) of the cerebral carotid artery and its branch. a. cerebral carotid artery; Db. 


posterior ramus; c. anterior ramus X 100. 


Fic. 10. VIP-LI nerve fiber (arrow) which distributed in the cerebral parenchym. xX 160. 


TABLE 2. Density of Amn, Chn and peptide-like immunoreactive (LI) fibers of cerebral arteries and 
intracerebral parenchymal small vessels in Elaphe quadrivirgata 


SP-LI NKA-LI CGRP-LI VIP-LI NEE 


Amn  Chn fiber fiber fiber fiber fiber 

cerebral carotid arteries +r Ht ++ ct Ht tt a 
basilar arteries ++ Ht ++ tls tr Ht =z 
intracerebral parenchymal +t ae Ht tt atts tt tr 
small vessels 
The relative number of nerves was graded arbitrarily; — no nerve was observed 

+. few nerves 

+ moderate number of nerves 

++ rich supply of nerves 

++ very rich supply of nerves 
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Fic. 11. SP-LI nerve fiber (arrow) of the basilar artery. 100. 

Fic. 12. SP-LI nerve fiber (arrow) of the cerebral carotid artery and its branch. a. cerebral carotid artery; b. 
posterior ramus; c. anterior ramus x 100. 

Fic. 13. SP-LI nerve fiber (arrow) which distributed in the cerebral parenchym. X 160. 

Fic. 14. NKA-LI nerve fiber (arrow) of the basilar artery. x 100. 

Fic. 15. NKA-LI nerve fiber (arrow) of the cerebral carotid artery and its branch. a. cerebral carotid artery; b. 
posterior ramus; c. anterior ramus X 100. 

Fic. 16. NKA-LI nerve fiber (arrow) which distributed in the cerebral parenchym. x 160. 

Fic. 17. CGRP-LI nerve fiber (arrow) of the basilar artery. 100. 

Fic. 18. CGRP-LI nerve fiber (arrow) of the cerebral carotid artery and its branch. a. cerebral carotid artery; b. 
posterior ramus; c. anterior ramus x 100. 

Fic. 19. CGRP-LI nerve fiber (arrow) which distributed in the cerebral parenchym. 100. 

Fic. 20. SP-LI (A) and NKA-LI (B) nerve fibers of the posterior cerebral artery. 100. 

Fic. 21. CGRP-LI (C) and SP-LI (D) nerve fibers of the posterior cerebral artery. 100. 

Fic. 22. Chn and VIP-LI nerve fiber of the posterior cerebral artery. Large arrow indicates VIP-LI nerve fiber and 


: ihm « 


small arrow Chn. x 100. 


observed alone and 3) Chn observed alone (Fig. DISCUSSION 


22) 
Nearly comparable amounts of Amn and Chn in 


the superficial cerebral arteries were reported in 
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rats [8] and larger amounts of Amn as compared 
with Chn were reported in domestic fowls [23] and 
tortoises [6], while, in bullfrog [7] or lamprey [28], 
Amn or serotonergic nerves alone were found. 
The distributional densities of both Amn and Chn 
were higher in the cerebral carotid system than in 
the basilar system in rats [8], domestic fowls [23] 
and tortoises [6], whereas, in bullfrogs [7], Amn 
alone was found, with larger amounts in the cere- 
bral carotid system than in the basilar system. 

However, in E. quadrivirgata, the distributional 
density of Amn was nearly equal in both the 
cerebral carotid and basilar systems and a dense 
meshworks of fine Amn was found in all the areas 
of the cerebral carotid and basilar systems. Chn 
was nearly equally and densely distributed in both 
arterial systems. Chn density was higher than that 
of Amn in both systems. These findings suggest 
that Amn and Chn possessed different densities at 
each site depending upon the species. 

Among the peptide-LI nerve fibers, SP-, NKA-, 
CGRP- and VIP-LI nerve fibers were each found 
to possess a similar density between the cerebral 
carotid and basilar systems. The distributions of 
CGRP- and VIP-LI nerve fibers were more dense 
compared with those of SP- and NKA-LI nerve 
fibers in both the system. These findings are not 
coincidental with the results previously presented 
[11, 17, 29, 30], in which the distributions of 
peptide-LI nerve fibers were higher in the cerebral 
carotid system than in the basilar system. Howev- 
er, according to a study in our laboratory on 
hamsters, a difference in the distributions of SP- 
and CGRP-LI nerve fibers was not observed be- 
tween these two arterial systems, although VIP-LI 
nerve fibers alone possessed a higher density in the 
cerebral carotid system. These findings suggest 
that and the distributional mode and density of 
peptide-LI nerve fibers in the cerebral arteries 
differ considerably with each order or species. 

The distribution in the cerebral parenchymal 
small vessels of each kind of nerve varied consider- 
ably from those in the cerebral carotid and basilar 
systems; the SP-, NKA- and VIP-LI nerve fibers 
were distributed very densely while the Chn alone 
were very sparse. Survival of the reptiles was rare 
and like in the case of birds after anesthesia for 
experimental purposes, the origin and fibrous pro- 


longation of superficial and deep vessels was not 
elucidated. Nevertheless, it seems that the exist- 
ence of NPY-positive nerve cells and NPY-LI 
nerve fibers in the cerebral parenchyma suggests 
an objective for the study of the origin of peptide- 
LI nerve fibers in the future. 

In mammalians the coexistence of Amn, Chn 
and peptide-LI nerve fibres or that of differing 
peptidergic nerve fibers was reported. In the 
cerebral arteries of E. quadrivirgata, the mode and 
the density of distribution were mutually equal 
between SP- and NKA-LI nerve fibers and be- 
tween SP- and CGRP-LI nerve fibers and accor- 
dingly, the coexistence of SP, NKA and CGRP in 
the same fiber was suggested. The coexistence of 
SP and CGRP in the cerebral arteries or trigeminal 
ganglion was reported by Hanko et al. [18] in cats 
and Matsuyama ef al. [17] in rats and guinea pigs. 
Although Lundberg et al. [31] reported the coexist- 
ence of VIP-LI nerve fibers and Chn in cat sub- 
maxillary glands and Kobayashi et al. [11] as well 
as Hara et al. [20] reported this in rat cerebral 
arteries, the distributional mode of VIP-LI nerve 
fibers and Chn in the superficial cerebral arteries of 
E. quadrivirgata was mutually different in spite of 
their similar distributional density. Three patterns 
were observed: 1) the coexistence of VIP-LI nerve 
fibers and Chn, 2) VIP-LI nerve fibers alone and 3) 
Chn alone. This is coincidental with a connection 
between VIP-LI nerve fibers and Chn in the cere- 
bral arteries of hamsters [unpublished] and 
Leiothrix lutea [unpublished] examined in our 
laboratory. 

Amn [2, 3] and NPY [14, 32] have a vasocon- 
strictive action and Chn [4, 9] and VIP [10, 14] 
have a vasodilative action. Although the direct 
action of SP, NKA and CGRP for the vascular 
smooth muscle is vasoconstrictive, it is said to be 
vasodilative when vascular endothelia exist 
together. Either way, elucidation of the origin and 
the fibrous prolongation as well as the function of 
each kind of nerve was not possible because an 
anesthetic technique for E. quadrivirgata has not 
been established and their survival after biopsy is 
impossible. In the future, an anesthetic technique 
should be developed and various morphologic, 
pharmacologic and physiologic studies of these 
remaining questions should be undertaken. 
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Changes in Specific Gonadotropin Binding Sites in the Liver 
during Metamorphosis in the Bullfrog, 
Rana catesbeiana 
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Human Sciences, Waseda University, Nishi-Waseda, Tokyo 169-50, Japan 


ABSTRACT—The author studied bindings of radioiodinated bullfrog follicle-stimulating hormone 
(fFSH) and luteinizing hormone (fLH) to a crude plasma membrane fraction of the liver of tadpoles of 
various stages and adults of the bullfrog, Rana catesbeiana. Slight specific bindings of the labeled fFSH 
and fLH were detected in tadpoles between Stage V and XX. Specific bindings of the radioiodinated 
hormones increased significantly from Stage XXI, which is just after “climax” of metamorphosis. 
Furthermore, accumulation of 3°-S’ cyclic adenosine monophosphate was stimulated by both fFSH and 
fLH in small blocks of the liver derived from individuals after the climax of metamorphosis but not in 
those derived from individuals before the climax. These results strongly suggest that, in bullfrogs after 
the climax of metamorphosis, gonadotropins act on the liver through specific membrane receptors 
coupled with the adenylate cyclase system, and stimulate some biochemical process in the liver. 


INTRODUCTION 


Challenging the general belief that distribution 
of gonadotropin receptors in the body of verte- 
brates is restricted to the gonads, Kubokawa and 
Ishii [1] demonstrated that in adult amphibians the 
liver as well as the gonad has specific receptors for 
gonadotropins, and also that bullfrog follicle- 
stimulating hormone (fFSH) and luteinizing hor- 
mone (fLH) can stimulate accumulation of 3’,5’- 
cyclic adenosine monophosphate (cAMP) in the 
liver in adult bullfrogs. They showed that hor- 
mone-binding properties of these hepatic gonadot- 
ropin receptors are almost identical to those of 
gonadal gonadotropin receptors. Thus, they de- 
monstrated that specific bindings of gonadotropins 
to the hepatic receptor are not nonspecific uptake 
of glycoproteins, and should play a specific phy- 
siological role, although it is unknown. Beside our 
study, extragonadal gonadotropin receptors was 
shown in the pig by Ziecik ef al. [2]. They 
estimated that in pregnancy the total number of 
specific gonadotropin binding sites in the uterine 
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tissue is equal to or higher than the total number of 
the sites in the ovaries. However, none of these 
studies has revealed the final physiological action 
of gonadotropin in these organs mediated by the 
extragonadal gonadotropin receptors. 

Since amphibians show drastic metamorphosis, 
it is important and interesting to know the time of 
occurrence of the hepatic gonadotropin receptors 
through the life of the bullfrog. The present 
author sutdied change in gonadotropin bindings to 
the liver, if any, during the metamorphosis of the 
bullfrog. 


MATERIALS AND METHODS 


Materials 


Bullfrog (Rana _ catesbeiana) tadpoles 


purchased from a commercial dealer. They had 


were 


been kept under a constant temperature (25 C) 
and light condition (12L12D) for several days to 
several months until they reached appropriate 
Stages, and then used for experiments which were 
L988. 
Stages of the tadpoles at the time of experiments 
were V, VI, and XIV-XXV of Taylor and Kollros 


performed between February and May, 
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[3]. Adult male bullfrogs of over several months 
after metamorphosis were also purchased and 
used. 


Hormones and chemicals 


Bullfrog FSH and LH used were FF1341B and 
FL421B of Takada and Ishii [4], respectively. A 
gonadotropin rich glycoprotein fraction was pre- 
pared from bullfrog pituitaries according to Taka- 
da and Ishii [4] and used as competitor for obtain- 
ing nonspecific binding. Carrier-free Na['*I] was 
purchased from Amersham Japan Corporation, 
Tokyo. An assay kit for radiotmmunoassay of 
cAMP was purchased from Yamasa Shouyu Cor- 
poration, Chiba. As an inhibitor of phosphodies- 
terase, 1-methyl-3-isobutylxanthine (MIX) of Sig- 
ma Chemical Co. Ltd. was used. 


Iodination 


Bullfrog FSH and LH were radioiodinated by 
the lactoperoxidase (LPO) method [5]. Briefly, 
2.5 ug of bullfrog FSH or LH was reacted with 0.5 
ug LPO and 0.2 mC; of Na['*°I] for 1 min at room 
temperature. Free and bound iodide were sepa- 
rated by a 1.520 cm column of Sephadex G-75. 
Specific radioactivities of radioiodinated {FSH and 
fLH were estimated by matching data of competi- 
tion and saturation experiments as described by 
Kubokawa and Ishii [5]. Specific radioactivities of 
'2°1-fFSH and -fLH were about 40 uC,/yeg. 


Plasma membrane preparation 


Tadpoles of different stages and adult males 
were anesthetized in ice water and decapitated. 
Livers were dissected out immediately, washed in 
chilled amphibian saline, and put into a plastic 
tube individually numbered. They were frozen by 
immersing in liquid nitrogen and stored at — 80°C 
until use. 

Each frozen liver was thawed, weighed and 
homogenized for 1 min with micro homogenizer 
(Muromachi Co. Ltd., Tokyo) in 5 volumes of 
chilled 40 mM Tris-HCl buffer, pH 7.4 containing 
50 mM M,SO, (receptor buffer). The homogenate 
was centrifuged at 10,000g for 20 min at 4°C. 
The pellet was washed by suspending in 20 ml of 
buffer and centrifuging again. The washed pellet 
was resuspended in the receptor buffer at the 


concentration of 10 mg of the original fresh tissue 
in 100 wl, and used as the crude plasma membrane 
preparation for binding experiments. The tissue 
concentration in the membrane preparation 
ranged between 10mg and 20mg per 100 wl 
among samples of different metamorphic stages. 


Binding experiments 


One hundred microliters of the plasma mem- 
brane preparation were mixed with 50 pl of '”°I- 
fFSH or '*°I-fLH (ca. 10,000 cpm) and 50 yl of the 
bullfrog pituitary glycoprotein solution containing 
5 wg of the glycoprotein or the same volume of 
buffer alone. The radioligands and the pituitary 
glycoprotein were dissolved in 40 mM Tris-HCl, 
pH 7.4, containing 50 mM M,SO, and 0.1 % BSA 
(incubation buffer). The mixture was incubated 
for 2.5 hr at 20°C when !*°I-fLH was used, and for 
17 hr at 15°C when '*°I-fFSH was used. Mem- 
brane-bound hormone was separated from free 
hormone by centrifugation at 10,000 x g for 3 min 
after addition of 1 ml of chilled incubation buffer. 
The pellet was washed twice in an aliquot of the 
buffer, and then counted for radioactivity. Specific 
binding was determined by subtracting nonspecific 
binding (binding of radioligand under the presence 
of the pituitary glycoprotein) from the total bind- 
ing (binding of the radioligand under the absence 
of the pituitary glycoprotein). All the determina- 
tions were done in duplicate. 


Experiments on effects of fFSH and fLH on the 
cAMP concentration in the liver 


Livers were dissected out from tadpoles of Stage 
XVIII, XIX, XX, XXI, XXIV and adults (3-6 
months old). Each fresh liver was minced finely 
into 1-2 mm cubes and washed several times by 
decanting and adding chilled amphibian Krebs- 
Ringer bicarbonate (aKRB). The tissue cubes 
were dispersed in aKRB as to 1 ml of the disper- 
sion contains about 80 mg of the tissue. An aliquot 
of 250 wl of the cube dispersion was transferred to 
each well of a 24-well microplate. One hundred 
microliters of fLH or fFSH solution in aKRB 
containing 1 ug of hormone and 150 wl of aKRB 
containing 10 mM MIX were added to each well. 
Then, the microplates were incubated for 2 hr at 
25°C with shaking under 95% O, and 5% COp. 
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After the incubation, liver blocks were collected 
from each well and used for determination of 
cAMP as follows. The liver blocks were homoge- 
nized in one milliliter of a 6% trichloro acetic acid 
solution, and cAMP in the tissue was extracted. 
The homogenate was centrifuged at 3,000 rpm for 
5 min, and the resulting supernatant was transfer- 
red to a glass tube. Five volumes of water satu- 
rated with ethyl ether was added to each tube, and 
the tube was vigorously shaken for removing lipid. 
The aqueous layer was separated, and cAMP in 
the aqueous layer was determined by radioimmu- 
noassay using the kit according to the maker’s 
instruction. 

The protein concentration in the tissue blocks 
was determined by the Follin-Lowry method after 
solubilizing the tissue blocks in 2N NaOH. 
Bovine serum albumin was used as standard. 


RESULTS 


Change in the liver weight during metamorphosis 


The liver weight varied among stages (the mean 
ranging between 0.15 and 0.35 g) (Fig. 1). It also 
varied widely among individual tadpoles in most 
Stages. Accordingly the variation in the mean 
among stages was not statistically significant (P > 
0.05). 


Bindings of fFSH to liver membrane preparation of 
tadpoles at different stages 


Specific binding of fFSH was extremely low unitl 
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Stage XIX, although it was detectable throughout 
the metamorphic stages studied (Fig. 2). From 
Stage XXI, the specific binding started to increase 
and exceeded the nonspecific binding level from 
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.2. Mean specific (upward columns) and mean 
nonspecific (downward columns) bindings (cpm per 
10 mg of wet tissue) of radioiodinated bullfrog FSH 
to a plasma membrane fraction of the liver of 
tadpoles of various stages and adults of the bullfrog. 
Each vertical bar shows the standard error of the 
mean. Metamorphic stages are indicated between 
the two horizontal axes. “A” indicates “adult”. 
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Fic. 1. 


Changes in liver weight of bullfrogs during metamorphosis. The arrow at Stage XX indicates the climax of 


metamorphosis. Each point and vertical bar indicate the mean and standard error of the mean, respectively. The 
number of individuals used at each stage are indicated upside of the horizontal axis. 
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Stage XXIV. The specific binding level at Stage 
XXV was about a half of that in the adult. Over-all 
difference in specific binding of fFSH to tadpole 
liver among metamorphic stages was statistically 
highly significant (P<0.01 by one-way layout 
analysis of variance after log-transformation of 
data). Kendall’s rank correlation coefficient (7) 
between metamorphic stages and mean specific 
bindings after Stage XIX was 0.905 and statistically 
highly significant (P<0.01). Nonspecific binding 
of {FSH also showed statistically significant varia- 
tion among stages, but Kendall’s rank correlation 
coefficient (r=0.047) between stages and mean 
nonspecific bindings after Stage XIX was not sta- 
tistically significant (P >0.05). 


Bindings of fLH to liver of tadpoles at different 
stages 


Changes in specific binding of {LH with stage 
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Fic. 3. Mean specific (upward columns) and mean 
nonspecific (downward columns) bindings (cpm of 
10 mg of wet tissue) of radioiodinated bullfrog LH to 
a plasma membrane fraction of the liver of tadpoles 
of various stages and adults of the bullfrog. Each 
vertical bar shows the standard error of the mean. 
Metamorphic stages are indicated between the two 
horizontal axes. “A” indicates “adult”. 


were, as a whole, similar to those of fFSH. The 
specific binding was low in early stages, and started 
to increase from Stage XXI (Fig. 3). However, in 
{LH bindings, nonspecific levels were higher than 
those in fFSH bindings, and the rate of the change 
in the specific binding of {LH with stage was less 
marked than that of fFSH. By the final stage of 
metamorphosis, the specific binding of fLH had 
also reached a level about a half of the adult level. 
Variation of the specific binding of {LH among 
stages of tadpoles was statistically highly significant 
(P<0.01) when tested by the Kruscal-Wallis test. 
Kendall’s rank correlation coefficient (z7=0.905) 
between metamorphic stages after Stage XIX and 
mean specific bindings was also highly significant 
(P<0.01). Variation of the nonspecific binding 
among stages of tadpoles was also statistically 
highly significant (P<0.01), when tested by the 
analysis of variance. However, Kendall’s rank 
correlation coefficient (7t=0.52) between meta- 
morphic stages and nonspecific bindings after 
Stage XIX was not significant (P >0.05). 


Effects of fLH and fFSH on the concentration of 
cAMP in liver 


Changes in the cAMP concentration in liver in 
response to gonadotropin treatments were ex- 
pressed in terms of the ratio of the cAMP concen- 
tration in hormone treated tissue to that in corres- 
ponding untreated tissue (Figs. 4, 5). Data of 
Stages XVIII to XX were combined, since only a 
single determination was performed in Sage XVIII 
and XIX, and also gonadotropin bindings did not 
change so much until Stage XX. In individuals at 
Stage XVIII to XX, the cAMP concentration in 
the liver was not influenced by both {LH and fFSH 
treatments, the ratio to the control being about 1. 
In contrast, the cAMP concentration was in- 
creased by both of the treatments in the liver of 
individuals at and after Stage XXI. The difference 
in the response from the youngest Stage (Stage 
XVIII-XX) group was significant in Sage XXI and 
the adult stage in the FSH treatment (Fig. 4), and 
also in Sage XXI, XXIV and the adult stage in the 
LH treatment (Fig.5). The concentration of 
cAMP in the untreated control tissues varied with- 
in a small range (the mean and standard deviation 
being 0.062 and 0.014 pmoles per mg protein, 
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Fic. 4. Effect of bullfrog FSH in vitro on the cyclic 
AMP concentration in the liver of tadpoles of diffe- 
rent stages and adults of the bullfrog. Changes in 
the cAMP concentration are expressed in terms of 
the mean of ratios to control. The number of 
repetitions is indicated in parentheses under the 
stage number. The vertical bar at the top of each 
column shows the standard error of the mean. 

* Difference from the youngest stage group is signi- 
ficant at P<0.05. 

** Difference from the youngest stage group is 
significant at P<0.01. 
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Fic. 5. Effect of bullfrog LH in vitro on the cyclic AMP 


concentration in the liver of tadpoles of different 
Stages and adults of the bullfrog. Changes in the 
cAMP concentration are expressed in terms of the 
mean of ratios to control. The number of repetitions 
is indicated in parentheses under the stage number. 
The vertical bar at the top of each column shows the 
standard error of the mean. 

* Difference from the youngest stage group is signi- 
ficant at P< 0.05. 

** Difference from the youngest stage group is 
significant at P<0.01. 


respectively). 


DISCUSSION 


In the present study, significant amounts of 
specific gonadotropin bindings were demonstrated 
in the liver of bullfrog larvae of the late stages after 
Stage XXI. Slight specific bindings of fFSH and 
fLH to the liver were observed in larvae of the 
younger stages before Stage XXI. However, the 
specific bindings to the liver of the younger stage 
larvae are too small and hence considered to be 
physiologically insignificant. Similar low levels of 
specific bindings of gonadotropins have been de- 
tected in a number of non-gonadal and non- 
hepatic tissues in various vertebrates (in rat [6], 
turtle [7], rainbow trout [8] and bullfrog [9]). The 
increase in the specific bindings of fFSH and fLH 
at Stage XXI is considered to indicate appearance 
of specific gonadotropin receptors in the hepatic 
tissue. This conclusion is supported also by the 
cAMP experiment. The hepatic tissue started to 
respond to gonadotropins by increasing the cAMP 
concentration from Stage XXI. 

Stage XX, the stage just before gonadotropin 
receptors appear in the liver, has been referred to 
the onset of metamorphic climax. A number of 
physiological changes occur in the bullfrog larva 
around this stage. For example, Kistler er al. [10] 
reported that a steep increase in the free amino 
acid concentration took place in the liver around 
this stage. An increase in secretion of glucocorti- 
coids toward the climax was reported by Jaffe [11]. 
Yamamoto and Kikuyama [12] revealed that the 
concentration of prolactin in plasma increased 
rapidly from Stage XXII and reached the max- 
imum at Stage XXIV. However, it is difficult to 
correlate a certain one among these phenomena to 
the appearance of gonadotropin receptors in the 
liver. 

Janssens and Maher [13] found in the adult 
axolotl that glucagon and adrenalin increased the 
cAMP concentration in the liver. 
Grigg [14] reported in the adult Xenopus that 
adrenalin stimulated glycogenolysis in the liver in 
vitro. The results by the present author in conjunc- 
tion with these previous results suggest a possibil- 
ity that gonadotropin mimics or synergistically 
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intensify the effect of glucagon or adrenalin in the 
liver in bullfrogs after the metamorphic climax. 
This possibility should be tested by examining in 
vitro effects of frog gonadotropins and cyclic nuc- 
leotide on the carbohydrate metabolism in liver of 
bullfrogs after the climax of the metamorphosis. 

It will be interesting to compare the change in 
the hepatic gonadotrpin receptors with changes in 
hepatic receptors for the other pituitary hormones. 
White and Nicoll [15] failed to detect significant 
specific bindings of prolactin in the liver of bullfrog 
tadpoles at any stage, while they demonstrated 
high specific bindings in other organs such as tail, 
gill and kidney. Carr et al. [16] detected specific 
bindings of prolactin in the liver as well as in the 
tail and kidney. However, the level of the binding 
was lowest in the liver. They further showed that 
the number of prolactin binding sites in the tadpole 
liver increased during early metamorphic stages 
and decreased at the climax of metamorphosis. No 
study has been reported for receptors for the other 
pituitary hormones in the tadpole liver. 

As far as hepatic gonadotropin receptors appear 
at Stage XXI and if these receptors play some 
physiological role, synthesis and secretion of gona- 
dotropins should have started before this stage. 
An immunocytochemical study showed that FSH 
and LH became detectable from Stage V and X, 
respectively [17]. This study also revealed with 
radioimmunoassay that the content of FSH had a 
peak at Stage XVIII and that of LH at around 
Stage XXIII. Thus, synthesis and secretion of 
gonadotropins precedes the appearance of hepatic 
gonadotropin receptors. Unfortunately, change in 
plasma gonadotropin levels in bullfrog tadpoles is 
not clear. Plasma concentrations of gonadotropins 
in bullfrog tadpoles of Stage XXIII to XXV were 
low, ranging between 0.3 and 0.8 ng/ml in LH and 
between 1.0 and 2.2 ng/ml in FSH, and it was 
difficult to detect the change clearly (personal 
communications with Dr. S. Tanaka, Gunma Uni- 
versity, Maebashi). Furthermore, no ontogenic 
study of gonadal gonadotropin receptors was re- 
ported in amphibians, although sex differentiation 
of the gonads has been reported to start in the late 
metamorphic stage in Rana nigromaculata {18}. 

In conclusion, the hepatic gonadotropin recep- 
tors of the late metamorphic stage larvae of the 


bullfrog seem to have some physiological function 
as well as those of the adult bullfrog. Further 
biochemical study to find the final hepatic function 
that is mediated by the gonadotropin receptors is 
needed. 
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Oestradiol Exerts Disparate Effects on Ultrastructure and 
Steroidogenesis of Ovarian Theca from 
Preovulatory Hamster Follicles 


Patrick H. KirzMan! and Reinhold J. Hutz 


Department of Biological Sciences, University of Wisconsin 
Milwaukee, WI, USA 


ABSTRACT— Oestrogens can induce atresia in vivo in mammals; and can diminish oestradiol-178 
(OE,) secretion from granulosa cells in vitro though apparently not at the level of aromatase. We 
therefore investigated whether OE; exerts the latter effect by inhibiting oestrogen precursor (androgen) 
synthesis at the level of the theca. Thecal shells were explanted from ovarian follicles of hamsters and 
were cultured in medium alone (control) or in medium plus either OE, (1 «g/ml) or OE; (1 ~g/ml) plus 
the OE,-antagonist, CI-628 (1x 10~* M). OE, induced a 48% increase in lipid droplet number and a 
46% decrease in mitochondrial number as compared to control. Although ultrastructural modifications 
were observed, OE, did not alter progesterone (P,) or androstenedione (A4) secretion; unexpectedly, 
CI-628 enhanced both. The OE,>-induced increase in lipid droplet number in thecal shells is correlated 
with atresia/luteinization. Although mitochondrial number was reduced, the effect may not be 
physiologically relevant since thecal P, secretion was unchanged. The lack of effect on smooth 
endoplasmic reticulum correlated with the unchanged thecal A, secretion, i.e., substrate for aromatiza- 
tion was unaltered. We therefore believe that the atretogenic effects of OE, that we and others have 
observed with respect to hamster ovarian follicles in vitro and in vivo, are not exerted at the level of 
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thecal A, production. 


INTRODUCTION 


Oestrogen is produced in the granulosa layer of 
the developing ovarian follicle and is necessary for 
the maintenance of granulosa cells (GC) and fol- 
licular follicle-stimulating hormone (FSH), 
luteinizing hormone (LH), and _ oestradiol-17/ 
(OE;) receptors [1, 2]. A lack of OE, induces 
atresia [3]. In the hypophysectomized, immature 
female rat, oestrogen diminishes follicular atresia 
[4] and increases ovarian weight [1]. In granulosa 
cells, oestrogen has been shown to enhance cell- 
cell communication by increasing intercellular pro- 
cesses and gap junctions [5]. These effects plus 
increases in FSH-induced adenylate cyclase and 
aromatase [6], and cAMP-dependent protein 
kinase [7] point to folliculotropic effect(s) of OE, 
on GC. Paradoxically, it has also been shown that 
oestrogen exerts a number of inhibitory effects on 
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the ovary. In rat ovaries, the implantation of 
Silastic capsules containing oestrogen reduced the 
number of ovulations in the treated ovary but had 
no effect on the contralateral ovary [8]. In the 
hamster, OE; has been shown to alter morphology 
of the apical follicular epithelium as observed with 
SEM [9]. Hutz et al. [10] showed that OE,- 
containing Silastic implants induced atresia of the 
dominant follicle in monkeys. Analysis of the 
follicular contents showed a decrease in GC, dimi- 
nished steroidogenic capacity of GC, and reduced 
levels of both oestrogen and progesterone (P,4) in 
follicular fluid. Hutz et al. [11, 12] demonstrated 
that oestrogen exerted a negative effect on oes- 
trogen secretion by hamster granulosa cells, but 
that this effect was not at the level of aromatase. 
Oestrogen may affect granulosa cell viability or it 
may exert its effect on an earlier step in the 
steroidogenic pathway, possibly causing a decrease 
in the availability of androgen precursors (e.g., 
androstenedione [A4]) needed for estrogen pro- 
duction [13, 14]. 
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Since the theca is the site of androgen produc- 
tion and androgens are used as precursors for 
aromatization to oestrogens, Silavin and Green- 
wald [15] hypothesized that the theca may be the 
site at which atresia is initiated by OE>. Tonetta et 
al. [16, 17] showed that OE, inhibited P, produc- 
tion at 36 hr onward in culture. Leung and Arm- 
strong [18] showed that in the rat ovary, direct 
injection of OE, decreased testosterone and 
androstenedione accumulation while increasing 
alternate progestin metabolite accumulation (e.g., 
Sa-pregnanedione and 3a-OH-pregnan-20-one). 
These researchers hypothesized that OE, may act 
at the level of the 17a-hydroxylase/C,7_29 lyase 
enzyme complex; thereby diverting C2;-substrates 
through alternate metabolic pathways leading to 
accumulation of 5a-pregnane compounds. 

In healthy rather than atretic follicles, there is an 
inverse relationship between intraovarian concen- 
trations of androgens and oestrogens. High ratios 
of androgens to oestrogens in follicular fluid have 
been associated with nonovulatory and atretic 
follicles [19]. Terranova et al. [20] showed that in 
hamster follicles which are undergoing induced 
atresia, there is a shift from follicular OE> to P4 
production. This shift in this OE,:P, ratio may 
result in the loss of available androgens for aroma- 
tization and thus may be one factor which may lead 
to the onset of atresia. Since OE; has been shown 
to alter thecal steroidogenesis it may cause this 
alteration by changing morphology of the struc- 
tures involved in steroidogensis it may cause this 
alteration by changing morphology of the struc- 
tures involved in steroidogenesis (e.g., lipid drop- 
lets, mitochondria, and smooth endoplasmic re- 
ticulum). 

Since OE; does not appear to induce atresia at 
the level of the granulosa cell, the focus of the 
present study was to determine whether OF) 
caused any morphologic changes in the theca at the 
TEM level which may be indicative of atresia. The 
TEM analysis focused on changes in _ thecal 
mitochondria, lipid droplets, and smooth endo- 
plasmic reticulum. All of these structures are 
involved in steroid production. We also wished to 
correlate changes in thecal morphology with 
changes in Py, and Ay production, since previous 
studies suggest that oestrogen precursors translo- 


cated to the GC may be reduced. 


MATERIALS AND METHODS 


Animals 


On the morning of prooestrus, 10 mature (3-6 
months of age) female golden hamsters (Meso- 
cricetus auratus) were sacrificed under ether anes- 
thesia. Ovaries were removed and the 4-5 large, 
preovulatory follicles per ovary were excised. The 
follicles were cut in half and the granulosa cells 
were gently scraped from the follicle. The thecal 
shells were then prepared for culture. 


Cultures 


The thecal shells were placed in Falcon organ 
culture dishes (VWR, Chicago, I1) and randomly 
allocated to four groups. Each of the cultures 
contained four thecal shells. The thecal shells were 
incubated for 72 hr at 37°C and 5% CO, in air; this 
duration of incubation was based on our previous 
studies [9, 11, 12]. Culture medium contained the 
following constituents: Dulbecco’s Modified 
Eagle’s medium (DMEM) mixed one to one with 
Ham’s F-12 (Gibco, Grand Island, NY) sup- 
plemented with heparin (1 U/ml), gentamycin 
(100 ng/ml), HEPES buffer (12.5mM), hFSH 
(100 ng/ml), and hamster serum (10%) sterilized 
with a Millipore Filter (VWR Scientific, Chicago, 
IL). The first group, which served as a control, 
was cultured in medium alone. The second group 
was cultured in medium plus oestradiol-17@ (OE); 
Sigma, St. Louis, MO.; 1 ~g/ml). This concentra- 
tion has been shown by previous studies to have 
atretogenic effects on whole follicles. The third 
group was cultured in medium and OE; (1 “g/ml; 
3.4 10° M) plus CI-628 (Sigma, St. Louis, MO.; 
an OE,-receptor antagonist; 1<10~*M). This 
30-fold excess of the antagonist was chosen in 
order to sufficiently block the effects of OE. OE, 
and CI-628 were dissolved in 100% ethanol, to 
produce a final concentration in medium of 
<0.5% ethanoi. At the end of 72 hr, the thecal 
shells were removed and processed for TEM (see 
below) or protein determination (see below). A 
fourth group of thecal shells that was not incu- 
bated, was also processed for transmission electron 
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microscopy immediately along with control and 
treatment groups. This fourth group served as 
another control (time 0) to determine whether 
some component of the medium caused the mor- 
phologic changes and not the OE>. The incubation 
medium was analyzed by radioimmunoassay for 
progesterone (P,) and androstenedione (A4) to 
determine changes in steroid output (see below). 


Transmission electron microscopy 


For TEM analysis, tissue was placed in 3% 
glutaraldehyde in 0.05™M_ potassium phosphate, 
pH 7.3 [21]. The tissue was fixed for 1 1/2 hours at 
room temperature in corked shell vials. The tissue 
was then postfixed for 1 hour at room temperature 
in 2% osmium tetroxide (OsO,) in 0.05 M potas- 
sium phosphate buffer, pH 7.3. Next, the tissue 
was dehydrated in a series of graded alcohols 
(10%-100% ethanol). After dehydration, the 
tissue was embedded in Spurr’s low-viscosity 
epoxy resin [22] and heated to 70°C for 24 hr. The 
sample blocks were formed into truncated pyra- 
mids and sectioned on a LKB ultramicrotome, 
with glass knives made on a LKB knife breaker. 
Thick sections were stained with 1% methylene 
blue and NaOH. These thick sections allowed for 
orientation of the tissue for thin sectioning. Thin 
sections were placed on cleaned, 300-mesh copper 
grids. The grids were then exposed to 95% alcohol 
vapours for | hour and stained with uranyl acetate 
and lead citrate [23]. Finally, the grids were 
examined in a Hitachi H-600 electron microscope 
at a magnification of 12,000. This magnification 
was chosen because all of the structures which 
were to be analyzed could be easily distinguished 
and measured at this magnification. Five random 
micrographs per follicle were taken. Pooled 
micrographs for each of the groups were analyzed 
for the structures mentioned previously. The area 
comprising the SER was analyzed by a Jandel 
Scientific digitizer (Courtesy of Dr. M. Boraas). 
Preliminary micrographs substantiated the purity 
of the thecal shells. 


Protein determination 


Because of the small amount of tissue used, the 
Bradford microassay (24) was used. A standard 
curve was developed using various concentrations 


(QO, 1.25, 2.5, 5, 7.5, 10, 20 ug) of bovine serum 
albumin of known concentration (25 «g). Each 
concentration was brought to a final volume of 800 
wl using a 0.9% NaCl solution. The thecal tissue 
was placed into a glass mortar containing 200 sl in 
0.9% NaCl solution and homogenized with a 
Teflon pestle until completely dispersed. This 
process was conducted with the mortar immersed 
in an ice bath. The contents of the mortar were 
pipetted and placed into a standard test tube. Into 
each test tube 200 «l of Bio-Rad dye were added. 
Each tube was then vortexed and allowed to stand 
for at least 15 min to allow complete protein-dye 
binding. The protein content of each tube was 
determined spectrophotometrically (Coleman; us- 
ing 1.6 ml microcuvettes [Fisher Scientific, Spring- 
field, NJ.]). The lowest level of sensitivity of the 
assay was 1.0 «g/ml. The interassay coefficient of 
variation among five assays was 11.48%. 


Radioimmunoassay 


Aliquots of incubation medium were frozen and 
subsequently analyzed for Py, Ay and OE>. Analy- 
ses for Py, Ay, and OE, were carried out using 
rapid Py, Ay, and OE, assay kits (Diagnostic 
Products. Corp., [Los Angeles, CA]), and a Pack- 
ard Multi-Prias autogamma spectrometer (Cour- 
tesy of Dr. W. Wehrenberg). The human P4,, Ag, 
and OE, assays were validated for the hamster 
demonstrating parallelism between samples in se- 
rial dilution vs. the standard curve. Interassay 
variation of the Py, Ay, and OE, assays measured 
4.2%, 5.2%, and 6.02% respectively. Interassay 
variation for the Ay assay was 9.1%. The lowest 
level of sensitivity of the Ps and Ay assays was (0). 10 
ng/ml. The sentitivity of the OE, assay was 20 pg/ 
ml. Py, Ay, and OE, values were expressed as ng/ 
mg protein. 


Statistical analyses 


The thecal shells from both ovaries were com- 
bined and randomly assigned to one of the four 
treatment groups. Comparisons of mitochondrial 
number, Py, and Ay among the four groups were 
completed using one-way analyses of variance 
(ANOVA). Groups were compared using Stu- 
dent-Newman-Keuls with p<0.05 considered to 
be significant [25]. Comparison of lipid droplet 
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number for the four groups was conducted after 
the data were transformed using log (X +1) trans- 
formation. The transformed data were analyzed in 
a manner similar to that for the analysis of 
mitochondrial number. 


RESULTS 


Electron microscopy 


Both the control and OE>-treated thecal cells 
contained mitochondria with lamelliform cristae 
(compare Fig. 1A and B). The number of 
mitochondria in thecal shells that were immediate- 
ly excised from the ovaries and processed, and in 
the theca cultured in medium only for 72 hr were 
not significantly different (18.9+2.0 [12] vs 19.4+ 
1.7 [20];  number/63.5 cm? of a standard micro- 
graph+1 S.E.M. [n micrographs analyzed; each a 
mean of 3-5 determinations]; p<0.05). Similarly, 


no difference existed in lipid droplet number be- 
tween theca which were not cultured and theca 
cultured in medium only (1.8+0.5 [12] vs 1.8+0.5 
[20]). OE, induced a 48% decrease and a 46% 
increase in mitochondrial number and lipid droplet 
number, respectively, as compared with control 
(Table 1). There was no difference in the amount 
of SER between the OE) and control groups. 
Thecal shells treated with CI-628 started to de- 
velop disruption of cell membranes and of cyto- 
plasmic organelles; this disruption made quantita- 
tive analysis of the organelles unfeasible in this 
group. 


Radioimmunoassay 


OE, had no effect on the absolute secretion of 
P, as compared with control. Superimposition 
upon OE; of 30-fold excess of CI-628 increased P, 
secretion 180% over that of both control and OE> 


Fic. L 


A) Transmission electron micrograph of a preovulatory hamster follicle incubated for 72 hr in control 


medium. Note the mitochondria (M) with lamelliform cristae and lipid droplets (L). 
B) Transmission electron micrograph of a preovulatory hamster follicle incubated for 72 hr in medium containing 
1 wg OE,/ml. Note the apparent increase in lipid droplet (L) number and decrease in mitochondrial (M) number. 


TABLE 1. 


Treatment Mitochondrial Number! 
Control 20.9+1.3 [20]? 
OE, LOS aS [20]° 


Lipid droplet number' 


The effects of oestradiol-17@ on ovarian thecal ultrastructure 


Area of Smooth 
Endoplasmic 
Reticulum (m7)! 
0.12+0.03 [4]? 


0.12+0.01 [4] 


0.3+0.1 [20] 
0.6+0.1 [20]? 


" Mean number/63.2 cm? of a standard micrograph+1 SEM (n micrographs, 3-5 random determinations 


per follicle). 


“-P Different superscripts within a column denote significance (p<0.05). 
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Progesterone Secretion 
(ng/g Protein) 


Androstenedione Secretion 
(ng/pg protein) 


control 2 


E2+Ci628 


Fic.2. A) The effects of OE, and of the OE,-receptor 
antagonist, CI-628, on progesterone secretion by 
explanted ovarian thecal shells from prooestrous 
hamsters. OE, (1 ug/ml); OE, (1 g/ml) plus CI- 
628 (1x 10~*M). 

*© Different superscripts denote significance (p< 
0.05). 

B) The effects of OE, and of the OE,-receptor 
antagonist, CI-628, on A, secretion by explanted 
ovarian thecal shells from prooestrous hamsters. 
*° Different superscipts denote significance (p< 
0.05). 


(p<0.05; Fig. 2). OE, similarly, exerted no effect 
on absolute secretion of Ay as compared with 
control. Superimposition upon OE, of 30-fold 
excess of CI-628 increased Ay secretion 190% and 
81% over that of control and OE, respectively (p 
<0.05; Fig. 2). 


DISCUSSION 


This is the first study to examine the effects of 
OE; on thecal shells of explanted hamsters ovaries 
at both ultrastructural and endocrine levels simul- 
taneously. In the present study, OE, increased 
lipid droplet number but decreased mitochondrial 
number in theca. The increase in the concentra- 
tion of lipid droplets has been shown to correlate 


with an augmented source of steroid precursor 
(cholesterol) for conversion to the sex steroids 
[26]. However, since OE, induced a decrease in 
mitochondrial number, there were fewer of the 
organelles necessary for the 
cholesterol to pregnenolone (a precursor for prog- 
esterone); whether this has physiologic relevance 
to steroid synthesis in the present study in un- 
known. In addition to mitochondrial number, 
morphology is also important. Luteinizing cells of 
the rat follicle manifest a transformation of 
mitochondrial cristae from lamelliform to the 
tubular form [27]. In the hamster, mitochondrial 
cristae are largely lamelliform [28], while in the 
human and bovine, mitochondrial cristae of luteal 
cells are tubular [29]. Since the mitochondrion is 
the structure involved in side-chain cleavage [30], 
an alteration of cristae morphology may change 
the conversion of cholesterol to pregnenolone. In 
the present study, however, both control and 
OE>-treated theca contained lamelliform cristae; 
therefore we expect that there would be no change 
in pregnenolone production. However, we did not 
examine changes in pregnenolone secretion in this 
study. Progesterone (the end product of 3/- 
hydroxysteroid dehydrogenase action on pregne- 
nolone) was analyzed and there was no difference 
between control and OE, treatment on thecal P, 
secretion. Previous studies have shown in the rat 
that OE, increased 3/-hydroxysteroid dehydro- 
genase and decreased 17a-hydroxylase in vitro, 
thus increasing Py, and decreasing Ay secretion 
[31]. In the present study, OE, exerted no effect 
upon either Py or Ay secretion, presumably not 
affecting either aforementioned enzyme in ex- 
planted hamster theca. This is corroborated by the 
overall attenuated effect OE, has on hamster as 
opposed to rat ovarian cells [32]. 


conversion” of 


Because of the apparent cellular destruction in 
the Cl-628-treated group, we were not able to 
quantitate changes in subcellular structures here. 
Since this was not a kinetic study, we do not know 
the time-course of cellular destruction during the 
72-hr culture period. In previous studies, Cl-628 
has been shown to be an OE>-receptor antagonist 
whose antioestrogenic action results from deple- 
tion of cytosol receptor sites for OE, (presumably 
unoccupied nuclear receptors), and not from its 
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ability to block specific OE, neclear-receptor bind- 
ing [33]. Other studes have shown that CI-628 
depresses cytosol receptor levels and prolongs 
uterine insensitivity to oestrogen in immature rats 
[34]. The antioestrogens, as a group, also appear 
to bind to an additional antioestrogen binding site 
(AEBS) [35]. 

Theca were incubated with CI-628 and OE; in 
combination as a control to determine whether 
these two compounds might unexpectedly exhibit 
an additive effect (where CI-628 would agonistical- 
ly enhance the effects of OE, at the same receptor 
site) or synergistic effect (acting at AEBS) on 
steroid production. The present study showed that 
the superimposition upon OE, of 30-fold excess of 
CI-628 enhanced both P, and Ag secretion above 
that of the theca incubated with OE,. A severe 
augmentation of A, might saturate the active 
site(s) on the aromatase enzyme and thus produce 
a build up of androgens with atresia as a possible 
consequence. Conversely, since Hutz et al. [11, 12] 
have shown that OE, does not affect hamster GC 
aromatase activity directly, it remains to be seen 
whether the androgen: oestrogen ratio would in- 
crease (if the enzymes were saturated) or remain 
the same in light of enhanced androgen secretion 
from the theca. Carson et al. [19] found a shift in 
the androgen: oestrogen ratio in hamster follicle 
undergoing induced atresia. Although atresia may 
be initiated in the theca [15], it is apparent from 
our study that OE> does not exert an atretogenic 
effect at the level of thecal A, secretion, although 
ultrastructural elements may be altered. 

From these preliminary results, it appears that 
OE, increased lipid droplets (which are correlated 
with cholesterol concentrations [36]). In previous 
studies, an increase in lipid droplet concentration 
has been correlated with atresia and luteinization 
[37, 27]. The decrease in mitochondrial number 
may not be physiologically relevant since P, secre- 
tion was not changed. Since P, was unaltered, 
sufficient substrate for androgen synthesis was 
available. Additionally, since SER concentration 
did not change, this would also explain the lack of 
increase in Ay secretion, as SER area and Ay, are 
highly correlated (r=0.92; p<0.01; unpubl. data). 
Since OE, did not increase Ay secretion (which is 
characteristic of atresia), this negates our original 


thesis of OE, inducing atresia at the level of thecal 
Ay production. If CI-628 antagonized the known 
inhibitory effects of OE, on the 17a-hydroxylase/ 
Ci7-20 lyase complex [18, 31], then we might 
expect to see an increase in Ay. In our study we 
did observe a large increase in Ay secretion with 
CI-628, but we did not see the characteristic de- 
crease in Ay substrates with OE, as shown for the 
rat [31]. This again points to radical differences in 
OE, responsiveness by hamster vs rat [32]. Alter- 
natively, as we have mentioned, CI-628 may act as 
an agonist in our model and synergize or act 
additively wth OE; on increasing Ay, secretion. 

The following is an attempt to reconcile the 
present experiment with our previous studies. Pre- 
vious studies have shown that OE;/diethylstilboes- 
trol enhanced P,, while depressing OE, secretion 
from hamster granulosa cell cultures [11, 12]; but 
that the decrease in OE; secretion was not due to a 
direct effect at the level of aromatase. We there- 
fore hypothesized that synthesis of OE, may de- 
crease 17a-hydroxylase or lyase enzymes (reducing 
androgen precursors) while increasing 3/- 
hydroxysteroid dehydrogenase activity (and there- 
by increasing P,); this has been substantiated by 
others [31]. Since androgens and their precursors 
are produced by the theca for aromatization by 
granulosa cells, we wished in the present study to 
assess the effect of OE, on thecal P, and Ay, 
secretion. Since OE, had no effect on these 
endocrinologic endpoints, we believe that OE>- 
induced atresia is not operative at these levels; but 
may be operational at the level of 17a-hydroxylase 
or C,7_29 lyase. The changes observed at the TEM 
level remained unexplained. A distinct possibility 
is that OE, compromises granulosa cell and/or 
thecal viability; however, certainly the present 
study showed that basal P, and Aq were unaffected 
by OE), and we have shown by vital dye exclusion 
that the viability of granulosa cells in culture was 
not reduced with OE>. A further test of this 
hypothesis is the evaluation of the ability of granu- 
losa cells and theca to respond to a LH/hCG 
stimulation challenge with normal increases in P4, 
OE, and Ag, respectively. 

Future studies will involve evaluating concentra- 
tions of pregnenolone and_ 17a-hydroxypro- 
gesterone (and their metabolizing enzymes), to 
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further investigate the possible locus (loci) at 
which OE, may affect theca. Additional studies 
will utilize co-incubation of theca and granulosa 
cells; and the use of 4-hydroxy-tamoxifen (a highly 
specific OE>-receptor antagonist), to compare re- 
sults achieved with Cl-628. 
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Regeneration of the Pharynx in a Freshwater Planarian: 
An Electron-Microscopic Study with Special Reference 
to the Formation of the Pharyngeal Cavity 
and Pharyngeal Lumen 


Etsuo ASAI 


Department of Biology, Kanazawa Medical University, 
Ishikawa 920-02, Japan 


ABSTRACT—Formation of the pharynx, with special reference to the formation of the pharyngeal 
cavity and pharyngeal lumen, was studied by electron microscopy during regeneration of head fragments 
of planarians transected at the prepharyngeal region. A slit occurs on the third-day at the proximal 
region of the blastema, which is then enlarged to become the pharyngeal cavity. Another slit is formed 
on the fourth day at the boundary between the proximal part of the pharyngeal rudiment and the closed 
end of the cut main-intestinal trunk, and this slit is later enlarged to penetrate into the pharyngeal 
rudiment, subsequently becoming the pharyngeal lumen. A common ultrastructural feature of cells that 
participate in the formation of these slits is the presence of rod-shaped bodies and microvilli. A few slits 
of small size in the tissue are often seen separate from the rudimental pharyngeal cavity. These slits 
become connected with one another and, consequently, the rudimental pharyngeal cavity develops into 
a larger cavity. Formation of phagosomes and disintegration of cells are seen as common morphological 
features of the processes of enlargement of the pharyngeal cavity and lumen, and it is deduced that such 
disintegration plays a significant role in the enlargement of the open space. The intestinal cells near the 
cut end of the intestine separate from the intestinal tissue and take part in the recruitment of epithelial 
cells facing the pharyngeal lumen. From these observation, transdifferentiation of separated intestinal 
cells is ascertained. 


regenerate to form complete animals with normal 
proportions, changes in the positions of original 
cells and reorganization of body tissues, including 
cell transdifferentiation are considered to take 
place. In order to know the mechanism of regen- 
eration of planaria, therefore, it is absolutely 


INTRODUCTION 


Since Morgan [1] pointed out that two phe- 
nomena, namely epimorphosis and morphallaxis, 
are the most important processes of animal regen- 
eration, studies on mechanisms of regeneration 


have centered on attempts to explain these two 
phenomena. With respect to epimorphosis, many 
studies have been carried out on the regeneration 
of amphibian limbs and, consequently, it has been 
confirmed that lost parts are repaired by the dedif- 
ferentiation of cells that are already present, by 
proliferation of cells, and by redifferentiation. 
However, in the case of regeneration of planaria, 
some phenomena that are impossible to explain by 
epimorphosis alone have been observed; during 
the processes by which small pieces of planaria 
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necessary to clarify the process of morphallaxis. 
Since the formation of the pharynx in planarian 
regeneration is carried out mainly by typical mor- 
phallaxis [2], this system seems to have potential 
for studies to clarify its mechanism. 

Some histological investigations have been car- 
ried out on the regeneration of the pharynx [3-9]. 
However, such studies generally 
emphasized the origin and behavior of formative 
cells, little attention has been paid to the fact that 
formation of the pharynx is carried out by mor- 
phallaxis, which includes the transdifferentiation 
of cells. Unfortunately, observations by light 
microscopy are technically inadequate for clarifica- 


since have 
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tion of phenomena such as cellular dedifferentia- 
tion and transdifferentiation, that is, electron mic- 
roscopy is indispensable for observations of such 
phenomena. Nevertheless, to date, no electron- 
microscopic study of the formation of the pharynx 
has been performed. In the present study, elec- 
tron-microscopic observations were made with a 
view to clarifying the differentiation of cells during 
formation of the pharynx, in particular during the 
early stages of formation of both the pharyngeal 
cavity and the pharyngeal lumen which, in due 
course, combine to form the cylindrical pharynx. 


MATERIALS AND METHODS 


The material used in this study was the sexual 
form of the freshwater planarian, Dugesia japonica 
japonica. After one week or more of starvation, 
the worms, 8 to 10 mm in length, were transected 
at the prepharyngeal region and the anterior pieces 
were allowed to regenerate in an incubator at 18+ 
1°C in water taken from their native brook. For 
preliminary observations by light microscopy, 
groups of five regenerates each were fixed every 
day over a period of 15 days after transection. The 
fixed specimens were dehydrated with a graded 
ethanol series, embedded in Paraplast, sectioned 
sagittally or horizontally at 6 um, and stained with 
Mayer’s hemalum and eosin B. For electron 
microscopy, the intact worms and the regenerates 
were fixed for 60 min at 4°C in 2.5% glutaraldehy- 
de, which had been buffered at pH 7.4 with 0.1 M 
cacodylate buffer, and then post-fixed in 2% 
osmium tetroxide in the same buffer for 90 min at 
4°C. After dehydration in a graded ethanol series, 
the specimens were embedded in Epon 812 or 
Quetol 812. Thick sections, 0.5-1 um thick, 
stained with 1% toluidine blue, were also ex- 
amined by light microscopy. Thin sections were 
cut on a Porter-Blum MT-2B ultramicrotome with 


a diamond knife. After staining with uranyl ace- 
tate and lead citrate, sections were observed under 
a Hitachi H-500 (100 KV) electron microscope at 
magnifications from 2,500 to <50,000. 


RESULTS 


In semi-thin sections of second-day regenerates 
derived from the anterior pieces of worms trans- 
ected at the prepharyngeal region, the blastema 
appears as just an accumulation of undifferenti- 
ated cells under the light microscope. In third-day 
regenerates, an extremely narrow slit is seen in the 
blastema (Fig. 1). The slit is formed mainly at the 
ventral region of the proximal part of the blastema 
and also, albeit rarely, at the dorsal or distal parts 
of the blastema. This slit is the first visible sign 
indicative of formation of the pharynx and is a 
rudiment of the pharyngeal cavity. 

Electron-microscopic observations of the cells 
that face the slit reveal that they are connected 
with one another by septate desmosomes, and 
each of them has many microvilli on its free surface 
and contains electron-dense granules in the cyto- 
plasm near the free surface (Fig. 2). These gra- 
nules are globular or ellipsoidal, about 50-250 nm 
in diameter, and they are enclosed by a mem- 
brane. They can be regarded as immature versions 
of the rod-shaped bodies that are characteristic in 
intact pharyngeal epithelial cells. Such cells also 
contain mitochondria with well-developed cristae, 
small vesicles, lipid droplets, and microtubules. 
However, in the cytoplasm near the nuclear en- 
velope, chromatoid bodies characteristic of un- 
differentiated cells, i.e., neoblasts, can be seen 
(Fig. 3). The cells covering the anterior part of the 
slit eventually form the pharyngeal outer epithe- 
lium, while those covering the posterior part be- 
come the epithelium of the pharyngeal atrium. 
There are distinct differences between these two 


Fic. 1. 


A light micrograph showing the initiation of formation of the pharynx in a third-day regenerate. 


The slit 


(arrows) is a rudiment of the pharyngeal cavity and is formed mainly at the ventral region of the proximal part of 


the blastema (B). D: dorsal side. 


V: ventral side. 


x 300. 


They are connected with 


one another by septate desmosomes (SD), and each of them has many microvilli (Mv) and contains rod-shaped 


Fic. 2. An electron micrograph of the cells that face the slit (S) in a third-day regenerate. 
bodies (RB). 19,500. 
Fic. 3. The cells that face the slit (S) in a third-day regenerate. 


characteristic of undifferentiated cells. 


RB: rod-shaped bodies. 


The cells contain chromatoid bodies (CB) 


No: nucleolus. 15,400. 
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Fic. 4. A newly formed slit (NS) in a sixth-day regenerate. The narrow slits are aligned to extend from the ends of 
the pharyngeal cavity rudiment (PC). 3,500. 

Fic.5. The cells facing a newly formed slit (NS) in a sixth-day regenerate contain rod-shaped bodies (RB) and have 
microvilli (Mv). 10,000. 

Fic. 6. The photograph of a sixth-day regenerates showing that the fingerprint-like granules (FG) are released into 
the pharyngeal cavity (PC) together with part of the cytoplasm. A large arrow indicates disintegration of the 
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types of cell at their final stage of differentiation. 
The most significant difference is that the former 
cells contain rod-shaped bodies, while the latter 
cells contain none but, instead, they contain gra- 
nules with a fingerprint-like structure. At the early 
stage of formation of the pharynx, however, cells 
of both types contain only rod-shaped bodies 
(Figs. 2, 3). This observation suggests that they 
originate from the same kind of cell. The blastema 
including the cavity rudiment is composed not only 
of undifferentiated cells, but also of various types 
of cell, such as cells with secretory granules, 
neurosecretory granules, rhabdites, myofilaments, 
or rod-shaped bodies. A few narrow slits are often 
seen, distributed in the blastema tissue, a little 
apart from the ends of the rudiment of the phary- 
ngeal cavity (Fig. 4). The cells facing these newly 
formed slits also contain rod-shaped bodies in their 
cytoplasm near the free surface and have microvilli 
on their free surfaces; even before a slit is formed 
between cells, these structures are seen in the 
now-adhering, but soon-to-separate, surfaces of 
adjacent cells (Fig. 5). These slits are connected 
with the early-stage pharyngeal cavity; they grow 
larger and eventually form the complete phary- 
ngeal cavity. Therefore, it seems that microvilli 
and rod-shaped bodies play a crucial role in this 
process of formation of slits and development of 
the pharyngeal cavity. 

As expansion of the pharyngeal cavity proceeds, 
well-defined changes occur in the presumptive 
epithelial cells of the pharyngeal atrium. The 
fingerprint-like granules, characteristic of this type 
of cell, take the place of the rod-shaped bodies that 


Fic. 8. Separated masses (arrows) seen in a fifth-day 
regenerate. They were often released into the 
pharyngeal cavity (PC). 4,000. 

Fic.9. A slit (S) which is a rudiment of pharyngeal 
lumen in a fourth-day regenerate. IC: intestinal 
cell. Ph: phagosome. 4,000. 

Fic. 10. The intestinal cell (IC) forming the anterior 
wall of the slit (S) in a fourth-day regenerate. L: 
lipid droplet. Sp: spherical granules. Ph: phago- 
some. 8,000. 


cytoplasm. AE: epithelium of pharyngeal atrium. PE: pharyngeal epithelium. 18,700. 
Fic. 7. Huge phagosomes (Ph) are seen in the posterior region of the pharyngeal cavity (PC) in a fifth-day 
regenerate. AE: epithelium of the pharyngeal atrium. x 2,500. 
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it seems that such secretion of the apocrine type 


also contributes to the expansion of the pharyngeal 
cavity. It was revealed that the cells at the 


were formerly present. The fingerprint-like gra- 
nules are released into the pharyngeal cavity 
together with a part of the cytoplasm (Fig. 6), and 
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Fic. 11. The cells forming the posterior wall of the slit (S) in a fourth-day regenerate. CB: chromatoid bodies. IC: 


intestinal cell. No: nucleolus. Ph: phagosome. R: ribosomes. X 17,300. 
Fic. 12. The free cells (FC) which have left the basal lamina retain their characteristics of intestinal cells in a fifth-day 


regenerate. 9,000. Inset: Golgi lamellae (G) with a feather-like structure. 45,000. 
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Fic. 13. The cells that compose the rudimentary pharyngeal lumen (PL) in a fifth-day regenerate. Ph: phagosome. 
V: vacuole. 5,500. 
Fic. 14. Disintegrated fragments (F) of cytoplasm and vacuoles (V) seen in the pharyngeal lumen (PL) in a fifth-day 


regenerate. 8,000. 
Fic. 15. An invagination or pit (arrow) formed at the median part of the posterior distal tip of the pharyngeal 


rudiment (PR) in a sixth-day regenerate. Mv: microvilli. RB: rod-shaped bodies. 9,300. 
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posterior part of the pharyngeal cavity often con- 
tained phagosomes (Fig. 7) and that disintegrating 
cells were often released into the pharyngeal cavity 
(Fig. 8). Therefore, this disintegration of cells 
seems also to play a significant role in the expan- 
sion of the pharyngeal cavity. 

The parenchyma of the pharyngeal rudiment is 
formed by the gathering together of cells that have 
migrated from the anterior region of the regener- 
ate. The formation of the pharyngeal lumen starts 
already on the fourth day with formation of a long 
and narrow intercellular space at the boundary 
between the closed end of the cut main-intestinal 
trunk and the proximal part of the pharyngeal 
rudiment (Fig. 9). The cells forming the anterior 
wall of the lumen rudiment have ultrastructural 
features characteristic of intestinal cells, such as 
large spherical granules, well-developed rough- 
surfaced ER, phagosomes, and lipid droplets (Fig. 
10). By contrast, the cells forming the posterior 
wall of the slit have many microvilli that protrude 
into the space and contain rod-shaped bodies 
characteristic of pharyngeal epithelial cells, and 
they are attached to neighboring cells by septate 
desmosomes. However, they also possess charac- 
teristics peculiar to undifferentiated cells, such as a 
large nucleolus, chromatoid bodies, and many free 
ribosomes (Fig. 11). In addition, they also possess 
some of the characteristics of intestinal cells, such 
as phagosomes, rough-surfaced ER, and lipid dro- 
plets. On the 4.5th day, the intestinal cells situated 
a little anterior to the cut end of the main-intestinal 
trunk are always observed to be extended, as long 
and slender fingers, toward the cut end; these cells 
are situated on the basal lamina that surrounds the 
intestinal tissue, though the extent of their areas of 
contact with the lamina is extremely limited. Thus, 
it seems very easy for such cells to leave the basal 
lamina and become free cells. In fact, on the fifth 
day, the free cells crowding the lateral sides of the 
rudiment of the pharyngeal lumen retain their 
characteristics of intestinal cells, such as Golgi 
lamellae with feather-like structures, with dilated 
intercellular spaces (Fig. 12) in addition to rod- 
shaped bodies. This morphology indicates that the 
free intestinal cells probably take part in the 
recruitment of epithelial cells of the pharyngeal 
lumen. Phagosomes and vacuoles are often 


observed in the cytoplasm of the cells that com- 
pose the pharyngeal lumen at this stage (Fig. 13), 
and disintegrated fragments of cytoplasm are seen 
to be abundant in the lumen space (Fig. 14). On 
the sixth day, an invagination or pit is observed at 
the median part of the posterior distal tip of the 
pharyngeal rudiment (Fig. 15). From the pit, an 
enlargement of the intercellular spaces between 
pharyngeal epithelial cells is seen to spread, mov- 
ing forward in the anterior direction. The cells 
facing the pharyngeal cavity, with rod-shaped 
bodies in the cytoplasm near the surface and with 
microvilli that protrude into the space, release a lot 
of fibrous material. Consequently, the invagina- 
tion is connected with the rudimental pharyngeal 
lumen, completing the pharyngeal lumen. 


DISCUSSION 


The pharynx of the triclad planarian is cylindric- 
al in shape, and it is composed of complicated 
layers of tissues. When such a complicated 
pharynx is being built up in a blastema, which is 
just a disorganized group of various kinds of cell, it 
is to be expected that various morphogenetic phe- 
nomena take place in cooperation with one 
another in order to complete the process of forma- 
tion of the pharynx. An understanding of this 
process will provide not only an explanation of the 
mechanisms of morphallaxis in regenerative phe- 
nomena, but also a clue to the explanation of 
cellular behavior in general developmental phe- 
nomena. 

In regeneration of the pharynx, the formation of 
the contours of a cylindrical form depends on the 
formation of the pharyngeal cavity which separates 
the pharynx parenchyma from the rest of the body 
tissues, and also on the formation of the phary- 
ngeal lumen which penetrates through the phary- 
ngeal parenchyma. Therefore, the formation of 
the cavity and the lumen can be regarded as the 
most fundamental aspect of the morphogenesis of 
the pharynx. Kido [10-12] studied the process of 
formation of the pharynx in Dugesia gonocephala 
(=D. japonica japonica) by light microscopy, and 
maintained that the epithelial cells that form the 
pharyngeal lumen originate from the cells that 
have isolated themselves from the cut ends of 
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intestinal tissue. Subsequently, Ichikawa and Ishii 
[13] and Teshirogi [14] also suggested the same 
phenomenon from their studies of Dendrocoelop- 
sis lacteus and Bdellocephala brunnea respectively. 
However, they did not study behavior and trans- 
differentiation of the cells participating in the 
process of the formation of pharyngeal cavity and 
lumen. The present study examined this problem 
by electron microscopy in D. japonica japonica. 

From many light-microscopic studies of plana- 
rian blastemas, it was assumed that the blastema 
might be a pile of neoblasts exclusively [7, 15, 16]. 
However, electron-microscopic observations re- 
vealed that the blastema is composed of a heter- 
ogeneous population of cells [17, 18]. In the 
present study also, it is clear that the blastema is 
composed not only of neoblasts but also of cells 
with various differentiated characteristics. The 
cells that undergo transdifferentiation most rapidly 
and manifest differentiated characteristics in such 
a heterogeneous mass of cells at the early stage of 
regeneration are expected to be intestinal epithe- 
lial cells, considering that a number of cells which 
have separated from the intestine were observed to 
contain rod-shaped bodies characteristic to phary- 
ngeal epithelial cells. Then, these cells form an 
aggregate of cells via intercellular adhesion of cells 
of the same type [19], and the formation of the 
pharyngeal cavity starts in the aggregated cluster 
of free cells from the intestine. A similar phe- 
nomenon was reported in the case of formation of 
the eye in regeneration of the planarian head [20, 
21]; two types of cell, those which originate from 
nerve-cord cells and primitive pigment-forming 
cells, reaggregate and establish the fundamental 
form of the eye by the segregation of cells. Accor- 
dingly, it can be considered that in organogenesis 
in planarian regeneration, the following processes 
generally occur: some of the cells of the remaining 
body tissues transdifferentiate, and then they seg- 
gregate and form the prescribed organs. 

The present study, moreover, showed that the 
enlargement of intercellular spaces occurred be- 
tween cells in which rod-shaped bodies are 
formed, and then the enlargement of the space 
proceeded further via protrusion of microvilli and, 
consequently, the rudiment of the pharyngeal cav- 
ity was formed. What causes the enlargement of 


the intercellular space between the epithelial cells? 
Although no confirmation of this possibility exists 
to date, it is possible that the materials of the 
rod-shaped bodies are secreted and dissolve the 
intercellular adhesive substances. This possibility 
is strengthened by the observation that rod-shaped 
bodies are always arranged in a line near the 
adjacent but soon-to-be-separate surfaces of cells 
in contact. These morphological aspects of the 
enlargement of the intercellular space were always 
observed in all cases of space formation of the 
cavity, lumen and tissue slit. How do the early- 
stage slits in the tissue expand to become a com- 
pleted pharyngeal cavity or a pharyngeal lumen? 
The results of the present study indicate that both 
cavity and lumen are formed by fundamentally the 
same process. Namely, the expansion of the 
enlarged intercellular spaces occurs via a series of 
connections of the narrow tissue slits. At the same 
time, the expansion proceeds also via cellular 
disintegration and the release of disintegrated 
cytoplasmic materials into the space. Although 
cellular disintegration is a phenomenon ordinarily 
seen in regeneration processes, in this case the 
cellular disintegration, which takes place at ran- 
dom, does not make any positive contribution to 
this process, but it appears that the process of 
formation of the space causes some cells to disinte- 
grate. Probably, this process is similar to the 
phenomenon of disintegration of specific clusters 
of cells in the formation of fingers in vertebrates 
[22]. 

In planarians, it is well known that, when a head 
piece is transplanted into the postpharyngeal re- 
gion, two new additional pharynges are induced at 
sites anterior and posterior to the graft [23-25]. 
The author ascertained previously, by labeling of 
cells with a radioisotope and X-irradiation, that 
the cells which make up induced pharynges origin- 
ate from the tissue cells of the host [26, 27]. In this 
case, does cell transdifferentiation occur in the 
intercalary regeneration between host and graft 
[24, 28]? This question seems to be related to the 
strong morphallactic capacity of this worm, and it 
appears worthy of further study in the future 
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Life History of the Jumping Spider Silerella vittata 
(Karsch) (Araneae, Salticidae) 
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ABSTRACT— Adult females of Si/erella vittata (Karsch) 
collected on 26 June 1988 survived for 119-462 days 
under semi-outdoor conditions, with a mean+S.D. of 
275.2+91.9(9) days. During this survival period over 2 
calender years, they oviposited twice or occasionally 3 
times. The mean total number of offspring produced per 
female was 20.0+5.8(9). Nymphs, which had just 
emerged, were reared on ants only, ants and flies, or flies 
only; they all developed normally irrespective of the 
difference in food conditions. The mean developmetal 
period to adulthood was 329.7+12.7(6) days when 
reared on ants only, 323.3+9.9(10) days on ants and 
flies, and 307.6+2.9(5) days on flies only. It was 
considered that one generation of the spider extends over 
2-3 calender years. Generation overlap occurs due to 
bioviparity in a season and uncertainty of overwintering 
stage(s). The relationship between the spider and ants 
was discussed. 


INTRODUCTION 


The jumping spider Silerella vittata (Karsch) 
usually lives in grasslands, where several ant 
species build their nests, and is known to attack 
these ants [1, 2]. In addition, adults and nymphs at 
different instars can easily be found from spring to 
autumn in the field. It is suggested, threfore, that 
this spider must have a close connection with the 
ants and a mode of life bearing overlapping 
generations during the year. 

In order to clarify these points, life history of the 
species was investigated by means of rearing under 
semi-outdoor conditions. 
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MATERIALS AND METHODS 


Ten adult females were collected at Komazawa 
Park adjoining the Tokyo Metropolitan University 
on 26 June 1988, and kept individually in glass 
vials, 4cm in diameter and 7.5 cm in height. Each 
vial was packed with wet soil about 1 cm deep to 
provide humidity for the spiders, and plugged with 
cotton. A small amount of water was supplied 
when the soil became dry. The vials were placed in 
a semi-outdoor situation protected from direct 
sunshine, rain and wind, so that temperature was 
not controlled. 

The experimetal animals were each provided 4— 
6 prey at intervals of 3—4 days until their death, 
except for their overwintering period from 1 
November to 1 March of the following year. The 
prey provided consisted of 2 groups, ants and flies. 
The former were larvae and/or pupae of Pris- 
tomyrmex pungens and Tetramorium caestitum 
(Myrmicinae). The latter were adults of Drosophi- 
la melanogaster (Drosophilidae), Sepsis monostig- 
ma (Sepsidae) and Elachiptera sibirica (Chloropi- 
dae). Each group of prey was used alternately. 

The dates of oviposition and egg hatching were 
recorded. When newborn nymphs emerged from 
the mother’s nest web, they were counted and then 
removed with a brush. 

In order to reveal the relationship between the 
nymphal development of this spider and ants as 
prey, 20 nymphs just emerged from their mother's 
nest on 7 August (2nd instar nymphs because Ist 
molt occurs in the mother’s nest without feeding) 
were divided into 2 groups of 10, and reared under 
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2 different food conditions. One group was 
provided ants only (Group A) and the other ants 
and flies alternately (Group B). In addition, 6 
nymphs emerging on 14 September were reared on 
flies only (Group C). Rearing methods were the 
same as for the adult females. However, small-size 
prey were provided for the first half of the rearing, 
and the number of prey provided was increased 
from 2-4 to 4-6 as development of the nymphs 
proceeded. Prey were not provided from 1 
November to 1 March of the following year. 


RESULTS AND DISCUSSION 


Figure 1 shows the survival period and ovipos- 
tion sequence of 9 adult females reared under 
semi-outdoor conditions. One female was omitted 


e 
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from this graph because of death before oviposi- 
tion. 

All the females produced their first egg batch 7- 
21 days after the commencement of rearing. Four 
of the 9 females produced a 2nd egg batch about 
one month later, and one female produced a 3rd 
ege batch in the summer of the following year. 
Since the age of experimental animals at collection 
was unknown, it is very difficult to assess the real 
longevity and the potential number of ovipositions 
during their life based on these results. It is 
certain, however, that the majority of females live 
over 2 calender years and oviposit 1-2 times 
during their life. Although the number of eggs in 
each oviposition showed a sharp decrease from Ist 
to 2nd and/or 3rd (Table 1), the total number of 
eggs produced by each female ranged from 11 to 


Oviposition é Unfertilized eggs 
Hatching of eggs 


® 
O 
O 1st molting of spiderlings 
{ Dispersion of spiderlings 


Attending to eggs 
and spiderlings 


--- Overwintering 


4 Death 


Jul. Sep. O°N’ D'J*F'M’ A‘M’ Jun. 


Aug. 
1988 


Fic. 1. 


TABLE 1. 


Jul. Aug. 


1989 


Survival period and oviposition sequence of 9 adult females reared under semi-outdoor conditons. 


Mean duration of egg stage, Ist nymphal stage, parental care, period from 


Oviposition to nymph dispersal, and mean number of nymphs emerging after each 
oviposition of Silerella vittata reared under semi-outdoor conditions 


Ist (n=9) 2nd (n=4) 3rd (n=1) 
Oviposition 
Mean+S.D. Range Mean+S.D. Range 
Egg period (days) 16.9+0.9 16-19 12.3+0.8 11-13 12 
lst nymphal instar o(Oae I 7-11 seolar 1.3 7-10 9 
period (days) 
Period of parental Phe poyarss tts) 26-30 ipa, ae Nets) 19-24 19 
care (days) 
Period from ovipos. See Hae 31-34 MJoo) ae Mk 23-27 24 
to nymph dispersal 
(days) 
No. of nymphs per 16382922 6-25 6.8+0.8 6-8 6 


oviposition 
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31, the calculated mean being 20.0+5.8. 

The female spins a small and thin domed nest 
web and oviposits in it. She attends her eggs and 
offspring until they develop to the 2nd instar. 
After the mother has left the nest, the 2nd instar 
nymphs also begin to disperse from the nest. 
Males and nymphs also spin thin nests and rest or 
overwinter in them. 

The duration of the egg stage, Ist nymphal instar 
and parental care by mother are shown in Table 1. 
In the Ist oviposition, the mean durations of the 
egg stage and Ist nymphal instar were 16.9+0.9 
and 8.6+1.2 days, respectively. Parental care 
continued longer than the sum total of the egg 
stage and Ist nymphal instar, with the mean 
becoming 28.3+1.6 days. During this period, the 
mother spiders cleaned the eggs and threw away 
eggshells and exuviae from the nest, but parental 
feeding upon offspring was not observed. In the 
2nd oviposition, the values were less, because 
development of eggs and lst instar nymphs was 
accelerated by the high summer temperature. 


Group ‘al 


The survival period of adult females showed a 
great variation, ranging from 119 to 462 days. The 
calculated mean duration was 275.2+91.9 days. 
During overwintering from November to the end 
of Feburary of the following year, the females 
generally stayed in their nests. However, the 
results shown in Figure | suggest that they suffer a 
relatively high mortality during winter. 

Five adult males collected in autumn were also 
reared under the same conditions as for females, 2 
individuals overwintered successfully. This gug- 
gests that some adult males are able to overwinter. 

Figure 2 shows the developmental processes of 
nymphs reared under 3 different food conditions. 
During the rearing of Groups A and C, 4 and 1 
individuals died, respectively, and are omitted 
from the graph. During the rearing of Group A, 6 
of the 10 individuals developed to adults success- 
fully. All individuals developed to adults during 
the rearing of Group B. In the rearing of Group C, 
5 of the 6 individuals did so in spite of the 
commencement of rearing being about a month 


Female—————_—____—___——____________—_—_——__e—__s——__< 
° ° ° 


oe. 


1988 1989 
Fic. 2. Developmental process of nymphs reared under 3 different food conditions. Group A was provided ants 
only, Group B ants and flies alternately, and Group C flies only. Black and white circles indicate ordinal and 
final moltings, respectively. The upper graph shows the weekly mean temperature. 
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late in comparison with the others. The cause of 
the high mortality during rearing on ants only 
(Group A) is unknown. ~ 

An interesting behavioral feature of this spider 
is that of ant robbing. The spider loiters beside a 
column of marching ants, chooses an ant worker 
carrying an object to seize and, when the ant 
passes by, suddenly steals the object. According to 
field observations, most the frequently observed 
stolen objects are larvae and pupae carried by 
marching workers of Pristomyrmex pungens. They 
sometimes attacked wandering solitary workers of 
Tetramorium caespitum, Pheidole fervidae and 
Lasius nigar. The results shown in Figure 2 clearly 
indicate, however, that the spider can develop 
normally without ants. In addition, ants do not 
always march throughout the active season of the 
spider. It is considered, therefore, that the spider 
does not depend completely upon ants. Such a 
situation is probably because the hunting of ant 
larvae tends to be hit or miss, although they have 
developed a skilled hunting behavior for stealing 
from marching workers. Their behavior is presum- 
ably therefor also successful for hunting prey other 
than ants. 

As shown in Figure 2, nymphal development 
extended over 2 calender years irrespective of the 
difference in food conditions. The mean length of 
period for development to adulthood was 329.7 + 
12.7 days in Group A, 323.3+9.9 days in Group 
B, and 307.6+2.9 days Group C, when calculation 
is adjusted for the mix of both sexes. There was no 
significant difference among these figures (P>0.1 
by t-test). In short, the nymphal development of 
this spider was scarcely influenced by the differ- 
ence in food conditions. Overwintering occurred 
at various instars other than the first one. When 
nymphal development began late in the season, 
overwintering occurred at early instars (see Group 
C in Fig. 2). These facts and the occurrence of a 
2nd oviposition in the same female within a season 


together indicate that it is natural for adults and 
nymphs at various instars to occur from spring to 
autumn in the field. In other words, generation 
overlap commonly occurs in this spider due to 
bioviparity in a season and uncertainty of over- 
wintering stage(s). Matsumoto and Chikuni re- 
ported an interesting case of generation overlap in 
the jumping spider Sitticus fasciger (Simon); in this 
case there was a local population consisting of 2 
groups in which the generation cycles differed 
from each other [3]. 

The number of molts required for development 
to adulthood varied from 4 to 6, including the molt 
in the mother’s nest. This value is somewhat less" 
than that for 4 species of jumping spider men- 
tioned by Hallas, who reviewed instars of maturity 
in differnt spider species recorded in the literature 
[4]. Another Japanese jumping spider, Plexippus 
setipes (Karsch), reared under a constant tempera- 
ture and photoperiod showed 1-2 molts more than 
S. vittata [5]. 
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Copidognathus papillatus Krantz (Acari, Halacaridae), 
a Hydrothermal Vent Mite in the Pacific Ocean 


ILSE BARTSCH 


Biologische Anstalt Helgoland, Notkestrasse 31, 
2000 Hamburg 52, FRG 


ABSTRACT—The description of Copidognathus papillatus Krantz, 1982, is emended. This species, 
first recorded from the Galapagos Rift, eastern Pacific Ocean, has been recovered from three widely 
separate hydrothermal vent communities in the eastern and western Pacific Ocean. 


INTRODUCTION 


Hydrothermal vents are fissures and chimneys 
on ridges along sea-floor spreading axes. They are 
often surrounded by a rich fauna: dense clusters of 
bivalves, vestimentiferans, polychaetes, sponges, 
actinarians and antipatharians, with a conspicuous 
vagile macrofauna (crabs, lobsters, shrimps, lim- 
pets), and a meiofauna rich in species and num- 
bers; amongst others halacarid mites are known to 
occur [1-5]. 

Copidognathus papillatus was the first halacarid 
mite recorded from a hydrothermal vent commun- 
ity. The mites were found associated with mussel 
clumps raked from the walls of a submarine vent in 
the Galapagos Rift (1’N 86'W) at a depth of 
almost 2500 m [1]. 


MATERIALS AND METHODS 


In recent years, I have received material from 
three cruises to Pacific spreading centers, from: 

The HYDRONAUT cruise, to the East Pacific 
Ridge, organized by the IFREMER DERO/EP. 
From October to December 1987, almost 30 dives 
were made with the submersible “Nautile”, oper- 
ated from the R/V “Nadir”, along the East Pacific 
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Ridge, between 12°45’N and 12°50’N, 103°56’W. 
Chief scientist of this part of the cruise was A. M. 
Alayse. The goals were to study the biology, 
ecology and physiology of hydrothermal vent 
organisms. 

The BIOLAU cruise (Biologie-Bassin de Lau), 
in May 1989, at the Valu Fa Ridge, Lau Basin 
(22°S 177° W, 1900 m), organized by the IFREM- 
ER DERO/EP, chief scientist A. M. Alayse. 
Twelve dives were done with the submersible 
‘“Nautile” which was operated from the R/V 
“Nadir”. The main purpose of the dives was to 
study the organisms associated with hydrothermal 
zones. 

The STARMER II cruise, under the auspices of 
STA (Science and Technology Agency, Japan) and 
IFREMER (Institut Franais pour [Exploitation 
de la Mer, France), was a Fnco-Japanese project 
devoted to submersible exploration of active vents 
in the North Fiji Basin, Southwest Pacific. Twelve 
dives with the French submersible “Nautile”, oper- 
ated from the R/V “Nadire” (co-chief scientists D. 
Desbruyeéres, Plouzané and S. Ohta, Tokyo) were 
made in July 1989, the main goals were to study 
the biology, geology and geochemistry in the vicin- 
ity of the active chimney “White Lady” (17-18 S., 
173-174" W) 

All the biological material was sorted by the 
Centre National de Tri d’Océanographie Biologi- 
que (CENTOB, Brest). 
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Abbreviations used in the descriptions: AD 
anterior dorsal plate; AE anterior epimeral plate; 
d dorsal setae on idiosoma, d-2 second pair of 
dorsal setae; GA genitoanal plate; gp gland pore; 
GO genital opening; OC ocular plate(s); pa porose 
areola; PD posterior dorsal plate; PE posterior 
epimeral plate; pgs perigenital setae; sgs subgenit- 
al setae. 

Specimens are deposited in the Muséum Nation- 
al d’Histoire Naturelle, Paris (MNHNP), and the 
National Science Museum, Tokyo (NSMT). 


SYSTEMATICS 


Subfamily Copidognathinae Bartsch, 1983 
Genus Copidognathus Trouessart, 1988 


Copidognathus papillatus Krantz, 1982 


Material. One female (MNHNP), East Pacific 
Ridge, 12°48’52N, 103°56 48W, 2630 m (HYDRO- 
NAUT, PL 227, site PARIGO).—One female, 1 
male (MNHNP), Lau Basin, south of Hine Hina, 
22°32'S, 17643°W, 1914m, cold area with 2- 
2.5°C, dominating organisms were cirripedes, 
echiuroids, vestimentiferan tube-worms, gastro- 
pods (BIOLAU, BL 07).—One female, 1 male, 1 
protonymph (all in NSMT); 1 female, 1 male, 1 
protonymph, 1 larva (all in MNHNP); 3 females, 5 
males, 5 protonymphs, 2 larvae, North Fiji Basin, 
site active “White Lady” (Kaiyo 87), 18°50’S, 
173°29°W, 2750 m (STARMER II, Station 14, PL 
1S). 

Diagnosis (adults). Idiosoma length 395-460 
ym. Dorsal plates with areolate-reticulate pattern 
and raised areolae with numerous delicate canali- 
culi. AD with a small anterior and a large median 
areola, PD with 4 costae. Membranous integu- 
ment anastomosing and squamose. Setae d-2 in- 
serted within striated integument, d-3 on the PD, 
d-6 at lateral flank of the prolonged anal papilla. 
Ventral plates punctate. GO large. Ovipositor 
reaching almost to anterior margin of GA. Sper- 
matospositor extending to or beyond anterior mar- 
gin of GA. Male GA with 12-13 pairs of pgs. 
Rostrum narrow. Legs with aciculate reticulation. 
Fossary setae on tarsus II unequal in length. 
Tarsus III with 4 dorsal setae, tarsus IV with 3 
setae. 


Description. Female. Idiosoma length (more or 
less raised anal papilla excluded): 430 ~m (speci- 
men from Galapagos Rift [1]), 4534m (East 
Pacific Ridge), 460 um (Lau Basin), 395-428 um 
(North Fiji Basin). Anterior margin of AD slightly 
protruding (Fig.1). Dorsal plates (in cleared 
specimens) with a conspicuous reticulation; within 
raised areolae, the integument is pierced by 
numerous delicate canaliculi (Fig. 2). AD with a 
small anterior and a larger posterior raised areola, 
OC with a round raised areola, PD with distinct 
medial and inconspicuous lateral costae. OC lack 
corneae. Gland pores distinct (in cleared speci- 
mens). Marginal areas of ventral plates areolate, 
ventral portions of plates evenly punctate. 

Gnathosoma slender. Rostrum narrow, paral- 
lel-sided, shorter than gnathosoma base. Rostral 
sulcus almost extending to pair of maxillary setae. 

Legs slender. Telofemora with aciculate reti- 
culation. Ventral margins of tibiae I and II (Figs. 
3, 4) and all telofemora with rows of small cuticu- 
lar dents. Fossary setae on tarsus II unequal in 
length (Fig. 4). Tarsus III with 4 dorsal setae (Fig. 
5), tarsus IV with 3 setae (Fig. 6). Tibia III with 
the ventromedial bristle bipectinate, the ventral 
bristle smooth, tapering. The ventromedial bristle 
on tibia IV is, within one population, in some 
specimens delicately bipectinate in others smooth; 
the ventral bristle is smooth. Membranes of claw 
fossa present though indistinct. (For more details 
see Krantz [1]). 

Male. Idiosoma length 412 ~m (Lau Basin), 
395-428 um (North Fiji Basin). Similar to female 
except for genital region. Anterior margin of GA 
truncate. GO large, slightly raised; surrounded by 
24-26 pgs. Spermatopositor large, extending 
almost to or slightly beyond anterior margin of GA 
(Fig. 7). Two posterior pairs of subgenital setae 
short, spur-like; 2 anterior pairs (rarely 2 1/2 
pairs) of setae very slender. 

Protonymph. Idiosoma length 328-377 um 
(North Fiji Basin). Dorsal plates distinctly smaller 
than in adults. Reticulate ornamentation present, 
porose areolae not as distinct as in adults. 

Larva. Idiosoma length 179-261 “m (North Fiji 
Basin). Dorsal plates small; d-3 inserted within 
striated integument (Fig. 8). Dorsal membranous 
integument squamose. Genital plate absent (Fig. 
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Fics. 1-9. Copidognathus papillatus Krantz, 1982. 


1, idiosoma, dorsum, female; 2, detail of right posterior dorsal 


plate, at level of d-5; 3, tibia and tarsus I, medial aspect, female; 4, tibia and tarsus II, lateral aspect, female; 5, 
tibia and tarsus III, medial aspect, female; 6, tibia and tarsus IV, medial aspect, female; 7, genitoanal plate, male; 


8, idiosoma, dorsum, larva; 9, idiosoma, venter, larva. 


(AD anterior dorsal plate; AE anterior epimeral plate; d 


dorsal setae on idiosoma, d-2, d-3, d-5, d-6 second, third, fifth and sixth pair of dorsal setae; GA genitoanal plate; 
gp gland pore; OC ocular plate; pa porose areola; PD posterior dorsal plate; PE posterior epimeral plate; pgs 
perigenital setae; sgs subgenital setae; sp spermatopositor) 


Each scale division=50 um. 


9). AE with 2 pairs of setae, and PE with one 
ventral seta. Rostrum not as attenuate as in adults 
and protonymph. Cuticular dents along ventral 
margins of femora very faint. Tibiae I and II each 
with a short, pectinate ventromedial bristle and a 
smooth ventral one. Tarsus III with 4 dorsal setae. 

Remarks. The specimens from the three vent 
sites accord well with the original description, 
based on specimens recovered from the eastern 


Pacific. Idiosoma length (protruding anal papillae 
excluded) of the eastern Pacific females is 430-450 
yum, that of the western Pacific females 395-460 
ym. In some specimens, the AD is slightly more 
protruding (due to a small, raised frontal spine), in 
other specimens, the anterior margin is evenly 
rounded, as described in Krantz [{1: Fig. 2]. lhe 
gland pores are distinct in cleared specimens, they 
may be difficult to recognize in uncleared mites. 
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The ratio of rostrum length to gnathosoma length 
is found to be variable, but the measurement is 
highly dependent on orientation of the gnatho- 
soma. 


DISCUSSION 


Numerous species characteristic of hydrother- 
mal vent macrofauna are recorded from two or 
more, geographically isolated, sites; the majority 
assumedly with free-swimming larval stages [6]. 
On the other hand, Tunnicliffe [3], when compar- 
ing lists of two disjunct active vent faunas in the 
eastern Pacific, found clear differences between 
the northern (Juan de Fuca Ridge, 45—48°N) and 
the southern (East Pacific Rise, 11-21°N) site, 
with high number of endemisms at the species 
level. Western Pacific hydrothermal vents are 
often inhabited by similar but distinct species, an 
example is the crab genus Austinograea, with A. 
williamsi, found in the Mariana Back-arc Basin [7], 
and A. alayseae, present in the Lau Basin [8]. 

Halacarids are strictly benthic organisms, dis- 
persal stages are not known. Still, Copidognathus 
papillatus seems to be a common inhabitant in 
widely separate Pacific hydrothermal sites. Analy- 
ses of the external morphology showed no marked 
differences between specimens from the western 
and the eastern Pacific Ocean. However, know- 
ledge of the deep-sea halacarid fauna is rather 
poor [9] and it cannot be excluded that C. papilla- 
tus is rather eurytopic, common also in non-vent 
habitats. 

Beside Copidognathus papillatus, the halacarid 
species Lohmannella sp. was found in the North 
Fiji Basin (STARMER II cruise, PL 21). The 
specimen is extremely similar to L. cygna Bartsch, 
1988. The description of L. cygna is based on a 
single female specimen, taken in the South Atlan- 
tic Ocean from approximately 9°S, 12°E and 1500 
m depth [9]. For detailed morphological analyses 
and comparison of these assumedly separate spe- 
cies more material from both sites is necessary. 
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ABSTRACT—Two species of the genus Paramisophria T. Scott, 1897 (Copepoda: Calanoida: 
Arietellidae), one of which is new to science, were collected fram near the bottom off Zamami and 
Kume Islands, Okinawa, South Japan and described here. The finding of Paramisophria japonica n. sp. 
synonymizes the two closely related genera Paramisophria and Parapseudocyclops Campaner, 1977, and 
the valid name of genus is Paramisophria, based on the principle of priority. This new species has the 
most plesiomorphic characters of the genus as follows: 22-segmented antenna 1| of female; inner lobe of 
maxilla | with five spines and one process; endopod of maxilla 1 bearing three setae; endopod of leg 5 of 


female having two plumose setae apically. 


INTRODUCTION 


Although most calanoid copepods are generally 
thought to be pelagic, many species of hyperben- 
thic calanoids, however, have been collected from 
lower intertidal zone to depths over 1800 m [1-13]. 

In Japan, one of the authors (SO) has intensive- 
ly been investigating shallow water hyperbenthic 
calanoid copepods [2-6], and recently obtained 
numerous hyperbenthic species belonging to the 
families Aetideidae, Arietellidae, Pseudocyclopi- 
dae, Pseudocyclopiidae and Stephidae from the 
Nansei Islands, South Japan. During the course of 
the taxonomic study, two species which have mor- 
phological characters unique to the genus Para- 
pseudocyclops Campaner, 1977 (Arietellidae), 
have been found first time in the Indo-Pacific 
region. One of them is new to science and both 
adult females and males were collected. The 
monotypic genus Parapseudocyclops accommo- 
dates P. giselae Campaner, of which only two adult 
females were collected from the Brazilian con- 
tinental shelf [1]. By the record of the new species 
from Japan, the relationship between Para- 
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pseudocyclops and the closely related Paramis- 
ophria T. Scott, 1897 is reconsidered. 


MATERIALS AND METHODS 


The specimens were collected off Kume Island 
(Stn. 1, 26°17.9°N, 126°54.2’E, 170 m, sandy bot- 
tom, 23 May 1989) and Zamami Island (Stn. 2, 
26°15.9'N, 127°21.4'E, 120m, sandy bottom, 23 
May 1989), Okinawa by an originally designed 
sledge-net (mouth area: 1450 mm in length x 326 
mm in width; last net mesh size: 0.33 mm). The 
sledge-net was towed along the bottom at a speed 
of two knots by the T/RV Toyoshio-maru of 
Hiroshima University for about five min. The 
distance between the sledge-net and the bottom 
was measured by a remote-sensing system (Furu- 
no-denki, Color net recorder CN-8). The speci- 
mens were fixed in 10% neutralized formalin, 
sea-water immediately after capture. The ventral 
side of the genital segment of the new species was 
observed with a SEM (Jeol JSM-T20). Contents in 
prosomal guts of 10 adult females of the new 
species were examined with a differential interfer 
ence microscope. The detailed procedure for gut 
content analysis was shown in the previous work 
[16]. 
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All the type specimens and one dissected speci- 
men of another species are deposited in the US 
National Museum of Natural History, USNM 


Smithsonian Institution, Washington, D.C., 
U.S.A. 
Paramisophria japonica n. sp. 
(Figs. 1-5) 
Types. — Holotypex (collected) Vat sine Z 


(26°15.9°'N, 127°21.4°E, 23 May 1989), dissected 
and mounted on glass slides, USNM 250568; Para- 
types: 222 and3 /\¥, collected at Stn. 2, dissected 
and mounted on glass slides; 3°? and3 #4, taken 
at Stn. 2, whole specimens, USNM 250569. 


Fic. 1. 


Paramisophria japonica n. sp. Female (holotype: A, B, D, H, I; paratypes: C, E-G, J, K). 
dorsal view; B. Habitus, lateral view; C. Rostrum, lateral view; D-F. Pediger 5, left lateral view; G. Pediger 5, 
right lateral view; H. Genital segment, ventral view; I. Anal segment and caudal rami, dorsal view; J. Urosome 
with spermatophore, lateral view; K. Genital segment with spermatophore, ventral view. 


Body length. Female. Stn. 1 (one individual): 1.99 
mm. Stn. 2 (21 individuals): range (r)=1.85-2.08 
mm; mean + standard deviation (m+s.d.)=1.95+ 
0.05 mm. Male. Stn. 1 (one individual): 1.62 mm. 
Stn. 2 (seven individuals): r=1.41-1.64 mm; m+ 
s.d.=1.56+0.08 mm. 


Description. Female (holotype). Body (Fig. 1-A, 
B) compact and robust, 1.98 mm long; cephalo- 
some and pediger 1 separated; pedigers 4 and 5 
fused. Prosome nearly symmetrical in dorsal view. 
Rostrum (Fig. 1-C) with a pair of subterminal 
filaments. Each side of pediger 5 with pointed 
dorsolateral process and round lamellous medial 
and ventrolateral lobes, former lobe reaching two- 


A. Habitus, 
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Mandibular cutting edge; E. Mandibular palp; F. Maxilla 1; G. Maxilla 2; H. Maxilliped. 


Fic. 2. Paramisophria japonica n. sp. Female (holotype). A. Left antenna 1; B. Right antenna 1; C. Antenna 2; D. 
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Fic. 3. 


Paramisophria japonica n. sp. Female (holotype: A-F; paratype: G). 


\ 
/ 


A. Leg 1, anterior face; B. Terminal 


segment of endopod of leg 1, anterior face; C. Leg 2, anterior face; D. Leg 3, anterior face; E. Leg 4, posterior 


face; F. Leg 5, anterior face; G. Leg 5, posterior face. 


thirds the length of genital segment (Fig. 1-A, B). 
Urosome 4-segmented, one-third the length of 
prosome. Genital segment (Fig. 1-H) with a pair 
of ventrolateral gonopores anteriorly; two small 
copulatory openings located closely together at 
middle part of ventral surface (see Fig. 5—A, B, C) 
and connecting with sigmoid seminal receptacle of 


each side through fine tube. Anal segment (Fig. 1- 
I) small. Caudal ramus (Fig. 1-I) with four ter- 
minal and one subterminal setae and one dorsal 
inner setule. Left antenna 1 (Fig. 2-A) longer 
than right (Fig.2-B); both antennae 1 22- 
segmented; segments 3-19 each furnished with 
two setae and one aesthetasc, segment 7 bearing 
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Fic. 4. 


Paramisophria japonica n. sp. Male (a paratype: A-I; another paratype: J, K). 


A. Habitus, lateral view; B. 


Rostrum, lateral view; C. Pediger 5, right lateral view; D. Pediger 5 and urosome, dorsal view; E. Left antenna 1, 
all setae omitted; F. Right antenna 1, all setae omitted; G. Segments 16-20 of left antenna 1, dorsal view; H. 
Segments 16 and 17 of left antenna 1, ventral view; I. Leg 5, anterior face, short, thick spinule on outer process 
indicated by arrowhead; J. Terminal segments of right leg 5, posterior face; K. Endopod of left leg 5. 


extremely long seta; terminal segment with 10 
setae and three aesthetascs; segments 1-8 posses- 
sing long hairs along posterior margin. Antenna 2 
(Fig. 2-C): endopod 2-segmented, slightly longer 
than exopod; apical segment shorter than proximal 
one, bearing three setae of unequal lengths at 
midst length of inner margin; exopod consisting of 
Six segments, proximal two segments incompletely 


fused, terminal segment with one medial seta, and 
two setae and one minute setule terminally. Man- 
dibular gnathobase (Fig. 2—D) with three teeth, 
dorsalmost bifurcate, and two patches of dagger- 
like spinules. Mandibular palp (Fig. 2—E): I- 
segmented rudimentary endopod bearing two 
setae of unequal lengths terminally; exopod 5- 
semented, each of proximal four segments having 
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Fic. 5. Paramisophria japonica n. sp. SEM-microphotographs of genital segment of female. A. Genital segment, 
ventral view, gonopore (g), copulatory pore (c), x 619; B, C. Copulatory pores, x 6188 (B), x 8840 (C); D. Right 


gonopore, 2652; E. Left gonopore, 2652. 


one seta; apical segment with two setae. Maxilla 1 
(Fig. 2-F): first inner lobe (gnathobase) with five 
spines and one process; second inner lobe with 
rudimentary minute setule on tip; first outer lobe 
bearing eight setae; inner margin of basipod 2 
bearing two rows of hairs and one minute middle 
seta; endopod 1-segmented, bulbous, and having 
three terminal setae of unequal lengths; exopod 
fused, with basipod segment 2, bearing three plu- 
mose setae terminally. Maxilla 2 (Fig. 2—G) stout, 
with six weakly developed inner lobes; fifth inner 


lobe furnished with one naked strong spine; en- 
dopod segments bearing seven large pectinate 
setae. Maxilliped (Fig. 2-H): basipod segments 
elongated; segment 1 being at right angle to seg- 
ment 2; endopod 5-segmented, segments 1, 2, and 
3, 4 bearing four and three inner setae, respective- 
ly; terminal segment having four setae. Legs 1-4 
each with 3-segmented endo- and exopods. Leg 1 
(Fig. 3-A, B): basipod segment 1 produced out- 
wards into subterminal blunt process, segment 2 
finely serrated along base of endopod, and bearing 
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medial outer seta and inner seta near base of 
endopod; endopod segments 2 and 3 produced 
outwards into terminal acute process. Legs 2 and 3 
(Fig. 3—C, D) similar in structure, acute inner 
terminal process longer in latter than in former; 
endopod segment 2 produced outwards into acute 
terminal process, near base of which a small prom- 
inence is present. Leg 4 (Fig. 3—E) furnished with 
small plumose seta on posterior face of basipod 
segment 2. Leg 5 (Fig. 3-F): basipod segments 1 
fused to intercoxal plate to form a common base; 
basipod segment 2 completely fused with endopod 
segment; endopod produced terminally and bear- 
ing two plumose setae, one terminal and one 
subterminal; exopod segment | and basipod seg- 
ment | separate; exopod segments 2 and 3 fused 
incompletely, and its fusion line clearly visible on 
anterior face; exopod segment 3 bearing two ter- 
minal and one subterminal large serrate spines; 
terminal process with two minute prominences at 
its base. 


Male (a paratype: Fig. 4-A-—I; another paratype; 
Fig. 4-J, K). Body (Fig. 4—A) slenderer than in 
female, 1.56mm long, Rostrum (Fig. 4-B) with 
two subterminal filaments as in female. Pediger 5 
(Fig. 4-C, D) reaching middle of urosome seg- 
ment 2. Urosome (Fig. 4-D) 5-segmented; seg- 
ment 5 small. Left antenna 1 (Fig. 4-E, G, H) 
geniculate, 2l-segmented; segments 18 and 19 
incompletely fused; segment 16 (Fig. 4-G, H) with 
cuticular ridge along anterior margin, and bearing 
large spine anteroterminally; segment 17 fur- 
nished with cleft along anterior margin, and cuticu- 
lar ridge along proximal half anterior margin; 
segment 18 (Fig. 4-G) also having two cuticular 
ridges along anterior margin; segment 19 (Fig. 4— 
G) with anterior terminal end produced into a 
blunt process which reaches middle length of next 
segment. Right antenna 1 (Fig. 4-F) 22-seg- 
mented, shorter than left. Mouthparts and legs 1- 
4 similar to those of the female. Leg 5 (Fig. 4-1, J, 
K): basipod segments | fused to form a common 
base. Right leg: basipod segment 2 produced. at 
inner terminal end; exopod segment | triangular, 
bearing small outer naked seta at apex; exopod 
segments 2 and 3 incompletely fused, expanded 
like a fan, and jointed with preceding segment at 


an angle of about 60°; middle inner margin of this 
fused segment bluntly produced inwards and bear- 
ing patches of minute hairs on posterior face; two 
subterminal crest-like cuticular structures present 
on posterior face, inner one with six prominences, 
outer one with 9-12 prominences; two triangular 
lamellous projections present terminally, outer 
one with a small setule. Left leg: basipod segment 
2 broad, with 1-segmented bulbous endopod and 
short plumose seta near outer terminal end on 
posterior face; exopod segment | triangular, bear- 
ing small outer naked seta terminally; exopod 
segment 2 located on inner side of segment 1, 
elongated, furnished with outer middle naked seta; 
exopod segment 3 small, with two stout pectinate 
processes of unequal lengths and minute outer 
setule; outer process bearing minute projection 
directed slightly outwards (indicated by arrowhead 
in Fig. 4-1). 


Structure of female genital segment. An SEM- 
examination of the female genital segment re- 
vealed that the gonopore (Fig. 5—A, D, E) has an 
operculum with its anterior part open, and that the 
copulatory pores (Fig. S-B, C) open closely in a 
shallow common hole located centrally on the 
ventral side. A paratypic female has a sausage-like 
spermatophore on the ventral side of its genital 
segment, which covers the copulatory pores (Fig. 
1-J, K). 


Variation. Dorsolateral lobe and dorsal process of 
pediger 5 (Fig. 1-B, D, E, F, G) are slightly 
variable in shape: smoothly rounded (Fig. 1-B, D, 
E, F) or bluntly pointed lobe (Fig. 1-G); sharp- 
ness in dorsal process. A fusion line between the 
endopod and basipod 2 of leg 5 is not visible from 
both sides in the holotypic female (Fig. 3—F), 
whereas it is clearly visible on the posterior surface 
in a paratypic female (Fig. 3—G). In right leg 5 of 
male, the outer lamellous projection on the ter- 
minal segment is triangular in one paratype and 
smoothly rounded in another paratype. 


Examination of gut contents. Half the individuals 
preyed on benthic cyclopoid or harpacticoid cope- 
podids. One female fed on a chaetognath. Four 
individuals had empty guts. The gut-content 
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analysis indicated that P. japonica is a strong 
carnivore feeding mainly on epibenthic organisms. 


Remarks on new synonymy. The genus Paramis- 
ophria was established and briefly defined by Scott 
[15]. Later, the definition of the genus was given 
more exactly by Sars [7], and partly revised by 
Krishnaswamy [9]. The revised generic definition 
of Paramisophria is as follows: rostrum with two 
filaments; pediger 5 with two conspicuous subdor- 
sal projections; antenna 1 21-segmented; inner 
corner of basipod 2 of legs 2-4 produced, and 
endo- and exopods 3-segmented; legs 5 of female 
and male 3- and 5-segmented, respectively; basi- 
pod 2 of female leg 5 with inner projection; 
basipod 2 of leg 5 of male with or without en- 
dopod; right and left terminal segments of leg 5 of 
male spatulate and unguiform, respectively. 

The following definition of the closely related 
genus Parapseudocyclops is given based on only 
two adult females of the monotypic P. giselae [1]: 
rostrum with one filament; left antenna 1 22- 
segmented; maxilla 1 with six spines on first inner 
lobe, one seta on second inner lobe, three setae on 
endopod and nine setae on first outer lobe; both 
endo- and exopods of leg 5 coalesced with basipod 
2; endopod with two long setae; exopod with three 
lateral and two terminal spines. 

Although Campaner [1] didn’t mention morpho- 
logical differences between two genera Paramis- 
ophria and Parapseudocyclops in detail, he might 
have thought that the most important characteris- 
tic to distinguish between these two genera was the 
structure of leg 5 of adult female: in Paramis- 
ophria, exopode separate from basipod 2, and 
endopod with or without one seta, while in Para- 
pseudocyclops, both endo- and exopods fused with 
basipod 2, and endopod bearing two setae [1, 14]. 
Although Sars [7] and Krishnaswamy [9] did not 
mention in their definition of the genus Paramis- 
ophria, the structure of maxilla 1 and maxilla 2 of 
Paramisophria is also distinguishable from that of 
Parapseudocyclops in: maxilla 1 having four or five 
spines and one process on first inner lobe, no seta 
on second inner lobe, two setae on endopod and 
eight setae on first outer lobe; maxilla 2 with only 
one seta on first inner lobe [4, 6, 7, 9-12]. The 
characteristics of antenna 1, maxilla 1 and maxilla 


2 of Parapseudocyclops are in plesiomorphic state 
compared with those of Paramisophria by Sars [7]: 
reduction generally occurs in Paramisophria. 

The present new species has parts of the above 
diagnostic characters of both Paramisophria and 
Parapseudocyclops: endopod of leg 5 of female 
separates from basipod 2, and has two setae on it; 
maxilla 1 bears five spines and one process on the 
first inner lobe and three setae on its endopod, and 
eight setae on its outer lobe; one seta on the 
second inner lobe of maxilla 1 is rudimentary; 
there is only one seta on the first inner lobe of 
maxilla 2. These characters which are unsuitable 
to the diagnosis of the genus Parapseudocyclops 
belong to those of the genus Paramisophria. Pre- 
viously known species of the genus Paramisophria 
have an endopod of leg 5 of female with none (P. 
platysoma Ohtsuka & Mitsuzumi, 1990) or one 
seta (P. cluthae T. Scott, 1897; P. spooneri Krish- 
naswamy, 1959; P. cluthae sensu Tanaka; P. 
ammophila Fosshagen, 1968; P. itoi Ohtsuka, 
1985; P. variabilis McKinnon & Kimmerer, 1985), 
and a maxilla 1 with four or five spines and one 
process on the first inner lobe [4, 6, 7, 9-12, 15]. A 
reexamination of Paramisophria species collected 
from Raunefjorden, Norway by Fosshagen [11], 
however, revealed that this species has five spines 
and one process on the first inner lobe and 
rudimental small setule on the second inner lobe of 
maxilla 1, and one seta on endopod of leg 5 of 
female, and that the genus Paramisophria shares 
morphological characters with the genus Para- 
pseudocyclops. In male, the present new species is 
morphologically similar to congeneric species ex- 
cept the crest-like cuticular structure of terminal 
segment of right leg 5 unique to the new species. 
Therefore, we have come to a conclusion that the 
genus Parapseudocyclops should be synonymous 
with the genus Paramisophria. Accoring to the 
rule of priority (International Code of Zoological 
Nomenclature, Article 23), Paramisophria is a 
valid name. 


Comparisons. The genus Paramisophria accom- 
modates 11 species including the present newly 
described species, seven species in the Indo-Pacific 
region and four species in the Atlantic [1, 4, 6-12, 
15; Greenwood personal communication]. P. 
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japonica and P. giselae are in the most plesiomor- 
phic state among congeneric species in the Indo- 
Pacific region and the Atlantic, respectively, be- 
cause these two species have such characters com- 
bined as 22-segmented antenna 1, leg 5 of female 
with two setae on endopod, and maxilla | with five 
spines and one process on the first inner lobe, one 
seta on the second inner lobe and three setae on 
endopod, while counterparts of other congeneric 
species are in an apomorphic state: 20- or 21- 
segmented antenna 1; endopod of leg 5 of female 
with or without a seta; maxilla 1 with four or five 
spines and one process on gnathobase, one or no 
seta on second inner lobe and two setae on en- 
dopod. 

P. japonica is most similar to P. giselae in having 
a 22-segmented antenna 1, two setae on endopod 
of female leg 5, and five spines and one process on 
first inner lobe and three setae on endopod of 
maxilla 1. However, the new species is distin- 
guished from P. giselae in the following characters: 
(1) rostrum with two filaments; (2) pedigers 2 and 
3 not produced on posteroventral ends; (3) dorso- 
lateral lobe of pediger 5 not as produced as in P. 
giselae; (4) genital segment of female wider than 
long. In addition, the appendages of the new 
species are different from those of P. giselae: (1) 
dense hairy row along posterior margin of left 
antenna | present on segments 1-8 in P. japonica, 
and on segments 1-11 in P. giselae; (2) six seg- 
ments of exopod of antenna 2 in P. japonica, and 
seven in P. giselae; (3) rudimentary 1-segmented 
mandibular endopod present in P. japonica and 
absent in P. giselae; (4) dorsalmost mandibular 
tooth divided into two tips in P. japonica, but 
undivided in P. giselae; (5) seta on second inner 
lobe of maxilla 1 reduced in P. japonica, but 
developed in P. giselae; (6) the number of setae on 
outer lobe of maxilla 1 is eight in P. japonica, and 
nine in P. giselae; (7) first inner lobe of maxilla 2 
bearing one seta in P. japonica, and two in P. 
giselae; (8) setal number of endopod segments | 
and 5 of maxilliped are respectively four and four 
in P. japonica, and two and three in P. giselae; (9) 
inner terminal end of basipod segment 2 of leg 3 
with only one pointed tip in P. japonica and two in 
P. giselae; (10) basipod segment 2 and exopod 
segment 1, and exopod segments 1 and 2 of leg 5 of 


female separate in P. japonica, and fused in P. 
giselae. 

Although Campaner [1] mentioned that P. gise- 
lae has only one rostral filament, another filament 
might have been detached during collection or 
dissection, because arietellids usually bear two 
rostral filaments [7]. In Campaner’s description [1] 
(see p. 816, Fig. 19), one seta on the posterior 
surface of exopod segment | of leg 4 is illustrated, 
but this is not mentioned in the text. Considering 
other arietellids and the unlikely position of this 
seta, this may be incorrectly described. 

These two plesiomorphic species, P. japonica 
and P. giselae might be mainly distributed at a 
depth of 100 to 200 m on continental shelves, while 
other congeneric species have a wide distribution, 
from lower intertidal zone (P. platysoma) to 240 m 
depth (P. cluthae from Raunefjorden, Norway) [1, 
4, 6, 9-12, 17]. The species- and_habitat- 
relationships in the genus Paramisophria will be 
revealed by a cladistic analysis in a forthcoming 
paper. 

The genus Rhapidophorus Edwards, 1891 is 
monotypic, comprising R. wilsoni Edwards of 
which only the male is known [11, 14, 18], and is 
suggested to be related to the genera Paramis- 
ophria and Parapseudocyclops {1, 11, 18]. Cam- 
paner [1] mentioned that “until the male of Para- 
pseudocyclops is found or until the species R. 
wilsoni is reencountered, it is better to maintain 
the genera apart”. Edwards [18] incompletely 
described only left leg 5 but not right leg 5. 
Comparing the legs 5 of the males of R. wilsoni 
and P. japonica, their terminal segments are diffe- 
rent: in R. wilsoni the segment has only one seta, 
while in P. japonica the segment bears two stout 
processes and a minute setule. The terminal seg- 
ment of R. wilsoni is more similar to that of genus 
Metacalanus in the Arietellidae rather than to that 
of P. japonica [2, 14]. 


Paramisophria sp. 
(Fig. 6) 
Body length. Copepodid IV stage, female. Stn. | 
(26°17.9°N, 126°54.2°E, 23 May 1989) (two indi- 
viduals): 2.05mm, dissected; 1.87 mm, 
specimen. The specimen collected at Stn. | is 


whole 
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Fic. 6. Paramisophria sp. Copepodid IV female. A. Habitus, dorsal view; B. Rostrum, dorsal view; C. Pediger 5, 
left lateral view; D. Pediger 5, right lateral view; E. Segment 3 of urosome and caudal rami, dorsal view; F. 
Antenna 2; G. Mandibular palp, rudimentary endopod indicated by arrow; H. Mandibular cutting edge; I. 
Maxilla 1; J. Leg 4, anterior face; K. Inner terminal end of basipod 1 of leg 4, minute setule indicated by arrow; L. 
Leg 5, anterior face. 
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deposited in the US National Museum of Natural 
History, USNM Smithsonian Institution, Washing- 
fon, .C., U.S.A. 


Description. (copepodid IV stage female). Body 
(Fig. 6-A) robust, yellowish in colour. Rostrum 
(Fig. 6-B) bearing one pair of filaments, left one 
located terminally, right one subterminally. Each 
side of pediger 5 (Fig. 6-—C, D) with dorsolateral 
and medial pointed processes, and round ventro- 
lateral lamellous plate. Urosome 3-segmented, 
segments 1-3 nearly equal in length. Caudal 
ramus (Fig. 6-E) with one inner dorsal, one sub- 
terminal outer and four terminal setae, and minute 
proximal outer setule. Antenna | 22-segmented, 
relatively long, reaching distal end of pediger 1; 
left antenna 1| slightly longer than right antenna 1. 
Antenna 2 (Fig. 6—-F) similar to that of Paramis- 
ophria japonica: exopod segments 1 and 2 partly 
fused. Mandibular cutting edge (Fig. 6-H): diaste- 
ma deeper than in P. japonica, bearing three teeth, 
dorsalmost tooth bifurcated at tip; two patches of 
spinules present near bases of second and third 
teeth. Mandibular palp (Fig. 6-G) with rudimen- 
tary l-segmented endopod bearing two setae of 
unequal lengths on tip (indicated by arrow); ex- 
opod with five incompletely fused segments. Max- 
illa 1 (Fig. 6-I); first inner lobe with five stout 
spines and one acute process; second inner lobe 
with pectinate seta; endopod 1l-segmented, bul- 
bous, bearing two small setae of unequal lengths; 
first outer lobe with eight setae. Legs 1-4 each 
with 2-segmented endo- and exopods; leg 4 (Fig. 
6-J, K) with basipod segment 1 bearing minute 
setule on inner distal end (indicated by arrow in 
Fig. 6-K). Leg 5 (Fig. 6-L): basipod segment 1 
separate from intercoxal plate; basipod segment 2 
separate from endo- and exopods; endopod pos- 
sessing two plumose setae, one terminal and one 
subterminal: exopod 1-segmented, bearing two 
lateral and one terminal spines. 


Remarks. Since the specimen examined is a cope- 
podid IV female, we only give a description here 
without naming it as a new species. This copepo- 
did IV is different from the adult female P. japoni- 
ca in the following characters: antenna 1 long, 
reaching beyond end of pediger 1; pediger 5 with 


two pointed processes, one lateral and one dorso- 
lateral; mandibular cutting edge more acute; 
second inner lobe of maxilla 1 with serrate seta; 
basipod 1 of leg 4 with fine, short setule at inner 
distal end; right and left basipods 1 of leg 5 
separate from intercoxal plate, endopod complete- 
ly separate from basipod 2. These characteristic 
states of the maxilla 1, and legs 4, 5 may be 
developmental stage-specific ones, and the reduc- 
tion of the seta on the second inner lobe of maxilla 
1 and the fusion of segments of leg 5 may occur in 
its adult stage. 

The body of this species has a yellow tinge, by 
which this species is readily distinguishable from P. 
Japonica. As suggested for the hyperbenthic cala- 
noid copepod Pseudocyclops (Pseudocyclopidae) 
[5], characteristics such as relatively large-sized 
body and long antenna | may indicate that this 
species is more pelagic than P. japonica. 
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ABSTRACT—-A new species of athecate hydroid, Stylactaria multigranosi sp. nov., is described based 
on specimens from Hokkaido, Japan. Of 416 colonies collected, all of the mature ones (N=306) were 
female. Hydroids of S. multigranosi were associated exclusively with a gastropod, Nassarius multigrano- 
sus (Dunker, 1847), living on sandy-mud bottoms. This new species is characterized by having fixed 


eumedusoid gonophores without marginal tentacles. 
Four types of zooids (gastrozooids, normal gonozooids, non-hypostomed 


within the gonophores. 


Eggs in S. multigranosi develop into planulae 


gonozooids and tentaculozooids) were discovered. The taxonomy of Stylactaria is briefly discussed, with 
particular reference to morphology of gonophores and intercolonial variation in zooid polymorphism. 


INTRODUCTION 


Calder [1] proposed that Stylactaria Stechow, 
1921 [2] should be adopted as the valid name for 
the nominal genus sometimes known as Stylactis 
Allman, 1864 [3] and assigned eight athecate hyd- 
roid species to the genus. Stylactaria, a genus in 
the polymorphic hydrozoan family Hydractiniidae, 
is characterized by having hydrorhizal stolons co- 
vered with perisarc. 

Recently, two species newly assigned to Stylac- 
taria, S. conchicola and S. uchidai, were rede- 
scribed from Hokkaido, Japan, after a detailed 
one year study [4, 5]. During the research, an 
unknown immature hydroid colony was discovered 
on a shell of a living gastropod, Nassarius multigra- 
nosus (Dunker, 1847), collected at a depth of 2m 
by a bottom sampler from sandy-mud bottoms in 
Oshoro, Hokkaido. Subsequent study of many 
specimens collected from shells of the same gastro- 
pod species confirmed that the hydroid is a new 
species of Stylactaria. The present paper describes 
this new species following methods established in 
redescriptions of the two Stylactaria species from 
Hokkaido mentioned above [4, 5]. 
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MATERIALS AND METHODS 


A total of 416 colonies of Stylactaria multigrano- 
si sp. nov., were collected from May to August, 
1990 at Oshoro (43°12’N, 140°52’E) and from June 
to July, 1990 at Usu (42°31'N, 140°47’E), Hok- 
kaido, Japan, where the water temperature varied 
from 11.3°C to 24.4°C. All colonies were found on 
living shells of a species of gastropod, Nassarius 
multigranosus (Table 7). These gastropods were 
collected by a bottom sampler from the sandy-mud 
bottoms, 1-5 m depth, or attracted to bait (dead 
fish) set on sandy-mud bottoms and rocky shores 
and scooped up with a net. 

All of the mature colonies examined (306 out of 
416 specimens collected) were female. They were 
kept in the laboratory without food at 12°C or 20°C 
in filtered sea water transported from Oshoro. The 
zooid composition of mature colonies was ex- 
amined (Table 3). 

The dimensions of zooids were measured under 
a binocular microscope in forty mature colonies 
(twenty specimens each from Oshoro and Usu) 
within a week after collection. In order to get fully 
extended zooids, colonies were anesthetized prior 
to measurement by dropping 10% MgCl, solution 
into the cultures. Thirty planulae, hatched from 
three colonies (type material) in the laboratory, 
were measured. Measurements of undischarged 


806 H. NAMIKAWA 


nematocysts in gastrozooids and larvae of holotype 
were taken using a microscope with phase-contrast 
optics. 

Type specimens were not fed Artemia nauplii 
until their zooids and larvae were measured. After 
feeding on Artemia nauplii, the inner structure of 
gonophores became more apparent because the 
canals were reddish due to food particles. Type 
material was subsequently fixed with Bouin’s fluid 
for an hour and sectioned to examine the inner 
structures of gonozooids and gonophores. Stolons 
were measured after being detached from the 
decalcified surface of shells. 

Type material has been deposited in the Zoolo- 
gical Institute, Faculty of Science, Hokkaido Uni- 
versity (ZIHU). 


DESCRIPTION 


Family Hydractiniidae L. Agassiz, 1862 
Genus Stylactaria Stechow, 1921 
Stylactaria multigranosi sp. nov. 


Type material. Holotype: ZIHU 495, female col- 
ony with gastrozooids and normal gonozooids, 2 m 
depth, Oshoro Bay, Hokkaido, Japan, 17. viii. 
1990. Paratypes: ZIHU 496, female colony with 
gastrozooids, normal gonozooids and a non- 
hypostomed gonozooid, 3m depth, Oshoro Bay, 
18. vi. 1990; ZIHU 497, female colony with gastro- 
zooids, normal gonozooids and a tentaculozooid, 1 
m depth, Usu, Hokkaido, 25. vi. 1990. All type 
material collected by H. Namikawa. 
Measurements of zooids, larvae and stolons of 
type material as in Table 1. 


Etymology. The specific name multigranosi is 
derived from the species name of the host gastro- 
pod, Nassarius multigranosus. 


1. Zooids 


Colony composed of four zooid types: gastro- 
zooids, gonozooids, non-hypostomed 
gonozooids, and tentaculozooids. Measurements 
of each zooid type are given in Table 2. 


normal 


(Figs. 1-3) Gastrozooids (Fig. 1A): Monomorphic, cylin- 
TABLE 1. Stylactaria multigranosi sp. nov. Measurements (mean+S.D., range) of type material 
Gas Gon NhG Tz Lar St 
(n=5) (n=5S) (a1) Ga) (n=10) (n=10)” 
Maximum length of 1.09+0.06 1.10+0.15 0.50 4.20 0.50+0.08 
bodies (mm) (1.00—1.15) (0.85—1.30) (0.35 —0.65) 
Width 0.16+0.01 0.09+0.01 0.10 0.05” 0.08 + 0.03 0.83 + 0.15 
(mm) (0.15—0.18)”  (0.07—0.10)” (0.06—0.10)  (0.63—1.13) 
0.10+0.01 
(0.10—0.12)” 
Height of hypostomes 0.24+0.02 0.10+0.02 
(mm) (0.20—0.25) (0.08—0.11) 
No. of tentacles MoVa=OES 6.8 +1.0 
(9—10) (S—8) 
Length of long tentacles 1.04+0.06 0.52 +0.07 
(mm) (0.95—1.10) (0.45 —0.65) 
Length of short tentacles  0.53+0.07 0.26+0.04 
(mm) (0.45 —0.65) (0.20—0.30) 
No. of gonophores 5.2 +1.4 1 
(4—8) 
Diameter of gonophores 0.31+0.02 0.25 
(0.25—0.35) 
No. of eggs or larvae SO eaee7/ 4 
(2—4) 


Gas: gastrozooids; Gon: normal gonozooids; NhG: a non-hypostomed gonozooid; Tz: a tentaculozooid; Lar: 
larvae; St: stolon. All measurements are for holotype except NhG (for Paratype ZIHU 496) and Tz (for 
Paratype ZIHU 497). 1): measured points of stolon; 2): width at the circlet of tentacles; 3) width at the body 
portion with gonophores; 4): width at basal part; 5) maximum width of larvae. 
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TABLE 2. Stylactaria multigranosi sp. nov. Measurements (mean+S.D., range) of each type of zooid, as 
well as larvae and stolons of 40 specimens including type material 


Gas on NhG 
n=200) (n=200) (n=15) 
No. of colonies 0 0 15 
Maximum length of 1.13+0.29 1.08 +0.32 0.70+0.21 
bodies (mm) (0.50—2.15)  (0.50—2.00) (0.10—1.25) 
Width 0.15 +0.04 0.08+0.01 0.10+0.01 
(mm) (0.10—0.25) (0.05—0.10) (0.08—0.12) 
0.09 + 0.02 
(0.07—0.15) 
Height of 0.23+0.03 0.12+0.03 
hypostomes (mm) = (0.15—0.30) = (0.05—0.15) 
No. of tentacles Dae sa tied 1.0 
(S— 16) (4—11) 
Length of long 1.24+0.22 0.59+0.19 
tentacles (mm) (0.75—1.85) (0.20—1.00) 
Length of short 0.63+0.17 0.27+0.11 
tentacles (mm) (0.30—1.15) (0.10—0.50) 
No. of gonophores 3:0) 1-5 1:3 0.3 
(1-8) (1—2) 
Diameter of 0.31+0.03 0.31+0.03 
gonophores (0.25—0.35) (0.25—0.31) 
No. of eggs ha Aa 4.4 +0.5 
or larvae (1—6) (4—5) 


AZ Lar 
(n= 30) 
3 


3.90 40.30 
(3.6—4.2) 


0.04+0.01 
(0.03 —0.05) 


(0.30—0.65) 


0.08 +0.01 
(0.06—0.10) 


0.51+0.88 


St 
(n= 30) 
3 


0.87+0.16 
(0.63—1.25) 


Abbreviations and measured positions in width as in TABLE 1. 


0.5mm 


Fic. 1. Stylactaria multigranosi sp. nov. Zooids. A: 
gastrozooid (Holotype); B: female normal gono- 
zooid with six gonophores in two whorls (Holotype); 
C: female non-hypostomed gonozooid bearing a 
gonophore on the top of body (Paratype ZIHU 
496.); D: somewhat elongated tentaculozooid (Para- 
type ZIHU 497.). 


drical and whitish, with blunt conical hypostome. 
Two types of filiform tentacles (short and long) 
arranged in a single circlet. Long tentacles almost 
as long as the body, projecting upwards and para- 


lleling the long axis of body. Short tentacles about 
1/2 as long as long ones, extending obliquely 
outward. 

Gonozooids: Dimorphic, whitish. 

Normal gonozooids (Fig. 1B) slender with blunt 
conical hypostome. Mouth at the center of hypos- 
tome. Two types of filiform tentacles (long and 
short) arranged in a single circlet around the base 
of hypostome, shorter than those of gastrozooids. 
Long tentacles projecting obliquely outwards. 
Short tentacles about 1/2 as long as long ones, 
extending horizontally outwards. Gastric cavity 
extending from mouth to the basal portion of 
body. Gonophores located about 1/4 to 1/2 body 
length below the tentacle whorl; arranged in one 
whorl (when there are four or less gonophores in a 
zooid) or two whorls (when there are more than 
four gonophores in a zooid), each whorl bearing 
one to four gonophores. 

Non-hypostomed gonozooids (Fig. 1C) with 
neither hypostome nor tentacles, shorter than nor- 
mal gonozooids. Gonophores located in a single 
whorl at distal end body. Non-hypostomed gono- 
zooids present in 19% of the colonies collected 
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TABLE 3. Stylactaria multigranosi sp. nov. Zooid 
constitution in 306 colonies examined 


She geet ue HO No. of 
Zooid constitution colonies (%) 
Gas+ Gon 245 (80.1) 
Gas+ Gon+NhG 59 (19.3) 
Gas+Gon+Tz 2) (0.7) 
Gas+Gon+NhG+ Tz 0 (0.0) 


Abbreviations of zooid type as in TABLE 1. 


(Table 3). 

Tentaculozooids (Fig.1D): | Monomorphic, 
long, slender, filamentous. Swollen distal end 
packed with nematocysts. Tentaculozooids occur- 
red in 0.7% (two out of 306) of the colonies 
collected (Table 3). 


2. Gonophores and larvae 


Gonophores and larvae of both types of gono- 
zooids similar in morphology and dimensions. 
Female gonophores only known. Each gonophore 
arising from a short stalk, spherical eumedusoid, 
with three or four radial canals and a ring canal; 
marginal tentacles lacking (Fig. 2A). Outer mem- 
branes of gonophores composed of two ectodermal 


0.1mm A,c 


ES) 


0.05mm 


iB 


Fic. 2. 


Stylactaria multigranosi sp. nov. Gonophores and a larva (Holotype). 


layers (outer and inner ectoderm). Endoderm 
lining gastric cavity within radial and ring canals 
(outer endoderm) between two layers of 
ectoderm, and within a cylindrical spadix (inner 
endoderm) in the center of gonophores. A few 
eggs, light brown in colour, developing to planulae 
between inner ectoderm and inner endoderm (Fig. 
2B). Length of spadix relative to gonophore 
length varied depending on maturity. Spadix 
reaching from proximal to distal end of gono- 
phores having eggs, but reduced after eggs develop 
into planulae (Fig. 2A). Planulae club-shaped, 
with cilia (Fig.2C). Measurements of mature 
gonophores and larvae as in Table 2. 


3. Hydrorhizas 


Hydrorhizas a stolon network covered with thin 
periderm, growing in the grooves of host shells. 
Spines absent on hydrorhizas. 


4. Nematocysts 


Three types of microbasic euryteles (small, 
medium, and large) and one type of desmonemes 
present (Fig. 3). 

Large and medium microbasic euryteles found 
throughout the body of tentaculozooids and in 


A: Mature female gonophore with 


four radial canals and a ring canal contained four larvae; note the spadix does not reach the ceiling of the 


gonophore. 


B: transverse section of a gonophore (Fig.2A) with a single layer of outer ectoderm (oec.), four 


radial canals formed by outer endoderm (oen.), a single layer of inner ectoderm (iec.), and an inner endodermal 
spadix (ien.); note each larva (lar.) is covered with thin membrane (mem.); C: larva with cilia just after hatched 


out from a gonophore (Fig.1B). 
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C 


Fic. 3. Stylactaria multigranosi sp. nov. Nematocysts 
(Holotype). A: desmonemes from a tentacle of a 
gastrozooid; B: small microbasic euryteles from a 
larva; C: medium microbasic euryteles from a tenta- 
cle of a gastrozooid; D: large microbasic euryteles 
from a hypostome of a gastrozooid. 


hypostome of gastrozooids and normal gono- 
zooids. Desmonemes and medium microbasic 
euryteles on tentacles of gastrozooids and gono- 
zooids. Medium microbasic euryteles on the sur- 
face of gonophores. Large and medium microbasic 
euryteles and desmonemes on body of each zooid. 

Small microbasic euryteles present in planula 
larvae. 

All types of nematocysts except for small micro- 
basic euryteles present in stolon, although large 
microbasic euryteles confined to the tip. 

Dimensions of each nematocyst type in holotype 
in Table 4. 


TaBLe 4. Stylactaria multigranosi sp. nov. Dimen- 
sions (mean+S.D., range) of each type of 
nematocysts for Holotype (um) 


N Length Width 

Desmonemes 30 6.0+0.4 2.8+0.3 
(5.6—6.4) (2.4—3.2) 

Microbasic euryteles 
small 30 6.8+0.4 2.4+0.4 
(6.4—7.2) (2.0—2.8) 
medium 30 8.2+0.3 2.6+0.3 
(8.0—8.8) (2.4—3.2) 
large 30. 10.6 +0.9 a.90.5 
(9.6—12.0) (3.6—4.4) 


N: number of nematocysts (desmonemes in the 
tentacles of 3 gastrozooids, small microbasic 
euryteles in 3 larvae, medium microbasic euryteles 
in the tentacles of 3 gastrozooids, large microbasic 
euryteles in hypostomes of 3 gastrozooids). 


DISCUSSION 


In addition to ten species previously assigned to 
Stylactaria {1, 4, 5], | adopt here new combination 
names for other species of the nominal genus 
Stylactis, i.e. Stylactaria hooperii (Sigerfoos, 1899), 
S. halecit (Hickson and Gravely, 1907), S. mis- 
akiensis (Iwasa, 1934), S. betkensis (Watson, 
1978), S. sandrae (Wedler and Larson, 1986), S. 
spiralis (Hirohito, 1988), S$. brachyurae (Hirohito, 
1988), S$. inabai (Hirohito, 1988), §. monoon 
(Hirohito, 1988), S. reticulata (Hirohito, 1988), S. 
spinipapillaris (Hirohito, 1988) [6-11]. I do not 
accept Calder’s [1] view that S. hooperii is conspe- 
cific with S. arge, because S. hooperii differs 
clearly from S. arge in having no eggs developing 
into planulae within the gonophores [6, 12]. 

H. M. the Showa Emperor Hirohito [11] clas- 
sified species of Stylactaria (=Stylactis) from Japan 
into five groups according to their gonophore 
types, i.e. short-lived medusae, eumedusoids, 
cryptomedusoids, heteromedusoids, and _ no 
gonophores (gonads developing in body wall of 
gonozooids). Recent works, however, revealed 
that S. conchicola and S. uchidai from Hokkaido, 
Japan, have styloid gonophores [4, 5]. Conse- 
quently, species of Stylactaria from Japan can be 
arranged in six groups according to styloid type, 
and other species of Stylactaria can be referred to 
one of these six groups (Table 5). 

The present new species is assigned to Stylactar- 
ia by having polymorphic zooids and the stolon 
covered with perisarc. Stylactaria multigranosi 
differs from the syntopic species, S. conchicola and 
S. uchidai in having eumedusoid gonophores 
(Table 5), and is easily distinguished from five 
congeners with eumedusoid gonophores as fol- 
lows: 1) the absence of marginal tentacles, 2) fixed 
gonophores, 3) eggs developing into planulae in 
the gonophore (Table 6). 

Although the detailed morphology of the ma- 
ture gonophores is unknown in two other species 
with eumedusoid gonophores, S. piscicola and S. 
sandrae (Table 6), S. multigranosi is distinguish- 
able from these two species by the difference of 
their host species (Table 5). Stylactaria multigra- 
nosi resembles S. arctica, gonophores of which are 
unknown, in size of gastrozooids, but differs in 
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Species 


S. multigranosi 
sp. nov. 

S. inermis 
(Allman, 1872) 
S. arge 
(Clarke, 1882) 


S. hooperti 
(Sigerfoos, 1899) 
S. arctica 


(Jaderholm, 1902) 


S. halecii 


(Hickson 
1907) 


S. ingolfi 
(Kramp, 1932) 
S. piscicola 
(Komai, 1932) 
S. misakiensis 
(Iwasa, 1934) 


and 


S. yerii 

(Iwasa, 1934) 
S. carcinicola 
(Hiro, 1939) 

S. conchicola 
(Yamada, 1947) 


S. uchidai 
(Yamada, 1947) 


S. claviformis 
(Bouillon, 1971) 
S. betkensis 
(Watson, 1978) 
S. sandrae 


TABLE 5. 


Gravely, 


(Wedler and Larson, 1986) 


S. spiralis 
(Hirohito, 1988) 
S. brachyurae 
(Hirohito, 1988) 
S. inabai 
(Hirohito, 1988) 
S. monoon 
(Hirohito, 1988) 
S. reticulata 
(Hirohito, 1988) 
S. spinipapillaris 
(Hirohito, 1988) 


[ 9] 
[10] 
[11] 
[11] 
[11] 
[11] 
[11] 


[11] 
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Species of the genus Stylactaria 


Substrata 
Nassarius multigranosus 
seaweed 
Barnacles, Fucus 
Zostera 
Zostera marina, Entiromorpha sp., Bittium sp. 
Cerithium litteratum 
Ilyanassa obsoleta 


Mohnia mohni 


Halecium arboreum 
Acanthopeltis japonica 


Homalophiura tesselata 


Erosa erosa 


Living and/or hermit crab inhabited 
Gastropod shells 


Turricula kamakurana 

Pseudoetrema fortilirata 

Macrocheira kaempferi 

Rock, Gastropod shells, Crustaceans 


Homalopoma amussitatum 


Rock, seaweed, Sponge, Bivalves, Tubeworms 
Barnacles, Bryozoa 


Stone 

Parcannassa burchardi 

Solitary Tunnicate 

Small gastropod shells hermit crab inhabited 
Spider crab 

Small gastropod shells hermit crab inhabited 
Sponge, Endendrium 

Rock, Barnacle, Bryozoa 


Simplicifusus graciliformis 


MHG NT/NW TG 
23 16/1 Eu 
428 202 

Eu 
45 30/2 SM 
40 20/2 
Wes) 30/1 SM 
3 15/1 ND 
2 10/1 a 
Php) ah Cr 
10 25) | Eu 
2 30/1 Eu 
1.5 14/1 Cr 
10 30/1 SM 
2.3 S/d) ett 
od 8/1» 
32, 10/1 St 
16 32/2-3 Eu 
1D 15/1 Cr 
Zz 16/1 Eu 
2 50/1 Cr 
1 14/1 Cr 
3 30/1-5 Eu 
2 al He 
5) 21 Cr 
5) IDI Eu 


[ ]: references; MHG: maximum height of gastrozooids (mm); NT: number of tentacles in gastrozooids; NW: 
number of tentacle whorls in gastrozooids; TG: type of gonophore; SM: short-lived medusae; Eu: eumedusoids; 
Cr: cryptomedusoids; He: heteromedusoids; St: styloids; —: gametes enclosed by a layer of ectoderm and 
situated in the body wall of one side of gonozooid; ND: no descripiton. 
". Dimorphic gastrozooids (slender type and thick type) in S. conchicola. 
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TaBLE 6. Comparison of the characteristics of gonophores among Stylactaria species with 


eumedusoid gonophores 


Species Canals 


Tentacles 


Liberation of Brooding of 


gonophores larvae 
S. multigranosi sp. nov. so _ 4 
S. inermis - so os 
S. piscicola + ND ND ND 
S. misakiensis + = = 
S. claviformis _ 2 le 
S. sandrae = ND ND ND 
S. inabai + 4 zt 
S. spinipapillaris - - = 


+-: present; —: 


host species (Table 5). Because of their incom- 
plete description, the difference in host species 
alone discriminates S. multigranosi from the above 
three species. Although such a host difference 
may be insufficient to identify Stylactaria species in 
general, I treat here S. multigranosi as a new 
species distinct from the above three species be- 
cause S. multigranosi is specific in its preference of 
host gastropod as discussed later. Further in- 
formation about gonophores of incompletely de- 
scribed species is needed both to accurately classify 
Stylactaria species and to demonstrate their phy- 
logeny in accordance with the evolution of 
gonophores. 

As in some species [5, 11], S. multigranosi shows 
intercolonial variation of zooid polymorphism. 
This species possesses four types of zooids, but it 
must be pointed out that a given colony does not 
have every type of zooid (Table 3). Two types, 
gastrozooids and normal gonozooids, were always 


TABLE 7. 
Nassarius multigranosus 


absent; ND: no descripition. 


present, while non-hypostomed gonozooids were 
found in about 1/5 of the colonies examined and 
the tentaculozooids in about 1/100 of the colonies. 
The rare occurrence of tentaculozooids may show 
that this zooid type is aberrant in this species. Such 
rarity of tentaculozooids in colonies has been 
reported also in other Stylactaria species, namely 
S. misakiensis, S. spiralis, 8. inabai, and S. conchi- 
cola [5, 11]. This seems to indicate that the 
presence of tentaculozooids is not a reliable way to 
identify Stylactaria species, although it has been 
adopted as a discriminating character in the key to 
Stylactis (= Stylactaria) from Japan [11]. 
Stylactaria multigranosi shows strong substrate 
preference, being found only on the gastropod 
Nassarius multigranosus. Many types of possible 
substrate were examined [4, 5], but none sup- 
ported S. multigranosi. Therefore, it is concluded 
that S. multigranosi is specific in its preference of 


host species. The present species occurred on 


Association rates of Stylactaria multigranosi sp. noy. with the gastropod 


Total no. 
of shells 
examined 
Sandy-mud bottoms 
Oshoro 895 
Usu 224 
Total 2119 
Rocky shore 


Oshoro 571 


Percentage of 
association 


No. of colonies collected 


Female Male 


(%) Immature 
(15.5) 202 (0) 9] 
(54.9) 104 () 19 
(19.6) 306 0 110 


( 0.0) 0 0 0 
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about 1/5 of the specimens of N. multigranosus 
collected from sandy-mud bottoms, but on none 
collected from rocky shores (Table 7). The asso- 
ciation rate of S. multigranosi with gastropods 
from sandy-mud bottoms is significantly different 
between Oshoro and Usu. More colonies occurred 
in Usu than in Oshoro (G test; G=157.79343, P< 
0.001). The association rate may vary depending 
on the habitat of host shells. No other sessile 
animals were found on N. multigranosus. 

Parthenogenesis may occur in the present new 
species, because all the matured specimens col- 
lected were female (Table 7). Sexual reproduction 
in this new species will be investigated in my 
ongoing work. 
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REVIEW 


Interactions between the Genetic Programme and Environmental 
Influences in the Perinatal Critical Period 


GyOrGY CSABA 


Department of Biology, Semmelweis University of Medicine, 
Budapest, Hungary 


ABSTRACT— In certain systemes of the organism the 
reinforcement of genetically loosely determined traits is 
necessary and it is realised under the effect of the actual 
(new) inner and outer milieu perinatally, mostly after 
birth. In this period the sexual, hormonal, enzyme, and 
behavioral imprinting are taking place and this is the time 
of closing of the self-nonself discrimination. The prog- 
ram stored in the genes is selected and activated in that 
time, what makes the effect of perinatal adjusting 
(imprinting) practically equal with the genetic determina- 
tion. Because of this, rather difficult is to differentiate 
between the effects of imprinting and genes. In the 
critical period of adjusting (imprinting) chemical mate- 
rials disparate from the normal ones, (however effective 
and able to bind to receptors) and faulty actions (in the 
case of behavioural imprinting) can cause faulty imprint- 
ing, whose effects are measurable for life. The possibility 
(and importance) of the faulty imprintings is growing 
nowadays. 


INTRODUCTION 


The morphological and functional traits of living 
beings, including man, are essentially determined 
by the genes. At the lower levels of phylogenesis, 
genetic determination leaves little free play for 
environmental influences, but survival presup- 
poses adaptation to the environment also in lower 
organisms. Therefore those gene-automatons, 
which resist adverse environmental effects and 
adapt themselves readily to environmental 
changes, have a better chance for survival and 
reproduction than the less adaptable ones. At the 
higher levels of phylogenesis, environmental fac- 
tors play a still more important role, since the 
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higher an organism, the lesser are its chances for a 
simple “yes” or “no” answer to environmental 
signals (factors). It follows that, in higher organ- 
isms, the environmental factors influence the 
expression of genetic traits not only via selection in 
the progeny generations, but also by direct effect. 
Environmental influence is greatest at the level of 
the human beings, for biological and social factors 
have a practically equivalent impact on human 
development by interdependent effects. 

The genetic and social factors determining hu- 
man development are complementary, and 
mutually influence each other. Certain environ- 
mental influences take effect only in given genetic 
conditions and vice versa, certain genetic program- 
mes can run only if the environment favours their 
operation. The purpose of this review is to throw 
more light on the interdependence of genetic and 
environmental factors, by analysis of four selected 
aspects of imprinting which show that the impact 
of the environment on ontogenetic development 
may be occasionally as great as that of genetic 
determination itself. 


THE FOUR FORMS OF IMPPINTING 


Imprinting of the sex 


The structural aspects of sex are extraordinarily 
intricate in all mammals, including man. Although 
the sex of an individual is essentially determined 
by the sex chromosomes (chromosomal sex), the 
differentiation of the male or female sex character- 
istics proceeds over many steps of regulation. 
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Antigen H-Y, which depends on the Y chromo- 
some, brings about the differentiation of the 
originally neutral gonads to male sex organs, 
whereas in absence of the Y chromosome, the X 
chromosome accunts for differentiation to female 
sex organs. The testosterone produced by the 
male gonad, and the Miillerian duct inhibitor 
promote, by joint effect, the development of the 
Wolffian ducts and simultaneously the atrophy of 
the Miillerian ducts. As differentiation proceeds, 
the phallus and the urogenital sinus become the 
penis and scrotum under the influence of testoster- 
one, whereas in the latter’s absence they become 
the clitoris and vulva. 

These processes take place during embryonic or 
foetal development, under the control of the 
genetic programme. Any disturbance in the prog- 
ramme results in a faulty functioning of the system. 

The formation of the male or female sex organs 
is followed by the establishement of sexual be- 
haviour. Males and females equally have their 
own characteristic behavioural traits. The copula- 
tive behaviour of the male rat is responded by the 
female by a submissive lordosis reflex, which 
makes possible the immission of the penis. These 
or analogous behavioural patterns are shown by 
the adult males and females of all mammalian 
species, and cannot be extinguished by treatment 
with hormones of the opposite sex. The normal 
female rat shown, under the influence of oes- 
trogenic hormones, the lordosis reflex on approach 
of a male prepared for copulation, and the 
testosterone-treated male will mount the female 
and copulate as outlined above. Treatment of the 
female with testosterone and of the male with 
oestrogen will diminish, but not alter, the express- 
ions of sexual behaviour [1]. However, if treat- 
ment with hormones of the opposite sex is carried 
out in the perinatal period, a radical change of the 
sexual behaviour will follow in adulthood. 

Female rats treated with testosterone in the 
perinatal period (from within a few days before 
birth to 10 days post partum) show no lordosis 
reflex on approach of the male in adulthood, not 
even under the influence of exogenous oestrogen. 
Similarly, males castrated perinatally will not 
approach the submissive females, and remain 
refractory to exogenous testosterone. However, 


males castrated perinatally but given simul- 
taneously testosterone will respond to it in adult- 
hood like normal controls. It follows that the 
pattern of adult sexual behaviour and of the adult 
response to specific sex hormones becomes estab- 
lished in the perinatal period [2]. 

Female rats postnatally treated with testoster- 
one failed to develop the characteristic cyclicity of 
sexual function after sexual maturation, and so did 
the male rats postnatally treated with oestrogen. 
Since postnatal oestrogen overdose had the same 
effect on female rats as testosterone (which be- 
came itself aromatized to oestrogen), it was 
concluded that the development of the male or 
female patterns of sexual behaviour depended not 
so much on the quality as the guantity of the sexual 
hormone dose [2-6]. 

Oestrogen develops action at receptor level, by 
programming the activity of the hypothalamic cells 
responsible for the production of the gonadotropin 
releasing hormone (GnRH). This programme 
controls—after being transferred to the pituitary 
—the cyclicity or continuity of sexual hormone 
production. Thus, while the gonadal steroid 
hormone pruduction is under hypophyseal control, 
the trend of hypophyseal gonadotropin production 
is induced by perinatal steroid hormone influence. 
The possibility for induction is limited to a brief 
critical period, and fails to take effect either before 
or after it. Testosterone, for example, is also 
present in the organism before the critical period, 
its influence being a prerequisite of the develop- 
ment of the gonadal ducts and of the external 
genital organs as well, but it develops action at the 
cerebral receptorial level only later, around birth. 
During the critical period the gonadal receptors 
are responsive not only to endogenous, but also 
the exogenous hormonal influence, which may, in 
part of the cases, account for a faulty develop- 
ment, whose consequences become expressed only 
during sexual maturation. Apart from exogenous 
sex hormones also other, apparently indifferent 
substances (e.g. drugs) may alter the endogenous 
sex hormone level [7] and, ultimately, the sexual 
behaviour. 

Dorner et al. [8] believe that human homo- and 
bisexual traits, too, stem from disturbances in sex 
differentation, on the ground that a history of 
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maternal stress during pregnancy has been con- 
siderably more frequent among homo- and bisex- 
ual than heterosexual groups of humans. This 
implication does not, naturally, exclude the gene- 
tic determination of sex, because part of the 
mothers subject to stress during pregnancy deliver 
sexually normal children, and vice versa: part of 
the homo- or bisexuals are issues of thoroughly 
normal pregnancies. 

While in higher organisms the environmental 
influences (except drastic intrauterine interven- 
tions, such as hormone treatment during pregnan- 
cy) alter only the sexual behaviour, in lower 
organisms they may alter the chromosomal sex. 
For example, treatment of the female larval stage 
(XX) of the fish Orizias latipes with androgenic 
hormone results in the development of an 
apparently normal male fish. However, mating of 
that male to a female gives rise exclusively to 
female progeny. Treatment of a male Orizias 
latipes larva (XY) with oestrogen results in the 
development of an apparently normal female 
which may, on mating to a male, produce both 
male (YY) and female (XY) progeny. The larval 
stages of certain amphibians, too, may change 
their chromosomal sex in response to treatment 
with the key hormone of the opposite sex. 
Moreover, environmental influences other than 
hormonal may change the chromosomal sex of 
lower organisms. Frog eggs develop to males at a 
supraoptimal water temperature, and to females at 
a suboptimal temperature. The eggs of certain 
lizards invariably develop to females at hatching 
temperatures less than 26°C, and to males above 
26°C. Two tortoise species have shown a similar 
(although reverse) tendency of temperature im- 
pact on sexual development. Apart from ambient 
temperature, the environmental Ca** level may 
also play a role in the development of the same egg 
to a male or female embyro [2]. 

The foregoing observations strongly suggest that 
the genetic determination of sex is only virtual or 
partial, because environmental factors play a deci- 
sive role in sexual development. 


Hormonal and enzyme imprinting 


The functioning of the endocrine system presup- 
poses the availability of hormones and receptors. 


The endocrine organs produce hormones, and 
some receptors are able to receive signals already 
during intrauterine life. However, prenatal and 
adult receptorial activities are not comparable, for 
most receptors are still immature around birth. 
Receptor maturation being an integral part of cell 
differentiation, maturity means the establishment 
of the hormone binding and hormon transfer 
capacities characteristic of the adult. However, 
hormone receptors require presence of the adequ- 
ate hormone for maturation [9]. If, for example, 
the production of thyrotropic hormone (TSH) is 
depressed postnatally by thyroxin treatment, the 
TSH receptors fail to develop normally, and 
account for a reduced thyroidic response to TSH in 
adulthood [10]. The receptor may also be dam- 
aged by excessive presence of the adequate hor- 
mone in the critical period, which may give rise 
either to an increased, or to a decreased receptor 
activity in adulthood, depending on the species of 
the animal and the degree of maturity of the 
receptor [11]. 

The above experimental observations equally 
apply to polypeptide, amino acid and _ steroid 
hormones. The phenomenon has been termed 
generally as hormonal imprinting. It was also 
shown that presence during the critical period of 
receptor maturation of molecules structurally simi- 
lar to the adequate hormone (e.g. hormone 
analogons or related hormones) and therefore 
capable of binding to its receptor, biases receptor 
maturation and gives rise to faulty imprinting [12] 
either in the positive or in the negative sense. For 
example, treatment of neonatal rats with a gona- 
dotropin over-dose on single to several occasions 
accounted for a considerable reduction of adult 
response to exogenous thyrotropin and the en- 
dogenous TSH as well [13]. The cause of this 
phenomenon was obviously the fact that since 
gonadotropin and thyrotropin have a common 
alpha subunit, and some sequences overlap also in 
their beta subunits, the hormonal overlap, which is 
functionally irrelevant in adulthood, had given rise 
to a serious receptor damage in the critical 
perinatal period. Perinatal overlap of vasopressin- 
oxytocin, steroid-steroid, etc. had similar consequ- 
ences in experimental condition [14]. As already 
pointed out above, the adequate hormone also 
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accounts for receptor damage in the critical peri- 
natal period, if present in excess. 
depends not only on the age of the individual, but 
also on the stage of cell development. It follows 
that although all receptor-carrying cells become 
imprinted in the perinatal period, those cells, 
which preserve developmental potentials later in 
life (e.g. undifferentiated or cell-forming cells) are 
available for imprinting also in adulthod [15, 16]. 
For example, hepatocytes newly formed during 
liver regeneration experience a re-imprinting, 
which is as durable as the original perinatal 
imprinting [17, 18]. 

Evidence of re-imprinting of re-differentiating 
cells, which had lost the “memory” of original 
imprinting by de-differentiation, was obtained 
from experiments on cell lines [12]. These experi- 
ments demonstrated the spread of imprinting from 
imprinted to not imprinted cells by direct cell-cell 
contact [19]. 

The hormones imprint in the perinatal period 
not only their own receptors, but also the enzymes 
responsible for hormone splitting [20]. For exam- 
ple, perinatal imprinting by a sexual steroid, 
namely testosterone, has a life-long impact on the 
functioning of the microsomal enzyme system. 

It follows from the foregoing considerations that 
although the receptor system responsible for recog- 
nition of the hormone and mediation of the 
hormonal signal is genetically encoded, and no 
receptor can arise without encoding, it requires 
interaction with an appropriate concentration of the 
adequate hormone at the appropriate time, or else 
no imprinting takes place and the receptor fails to 
mature. 

Cross-imprinting can not infrequently occur in 
the critical period of receptor maturation. For 
example, sexual steroids may imprint glucocorti- 
coid receptors (and vice versa) in the perinatal 
period [14, 21]. Similarly, gonadotropin and 
thyrotropin may be simultaneously present and 
imprint one another’s receptors. To obviate the 
risk of serious damages by cross-imprinting, the 
perinatal hormone peaks appear at different time 
intervals, thus minor crossing-overs do not inter- 
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fere with the normal course of imprinting. 
Perinatal imprinting achieves the establishment 
of the receptor-hormone relationship characteristic 


of adulthood. However, non-physiological mate- 
rials capable of receptor-level action may also give 
rise to imprinting in the perinatal period. Among 
others benzo-a-pyrene, an aromatic hydrocarbon 
of steroid-like structure, altered the binding capac- 
ity of rat steroid receptors in adulthood [22-24] 
regardless whether it was administered prenatally 
neonatally or at three or six weeks of age. 

Treatment of lactating rat females with diaze- 
pam altered the selective ligand binding capacity to 
the suckling rats in adulthood, and also accounted 
for certain negative behavioural changes [25]. 
Neonatal treatment with digoxin or ouabain 
changed the adult binding capacity of the myocar- 
dial ouabain receptor [14]. Since, however, like 
steroids, digoxin has a sterane structure, perinatal 
steroid treatment, too, had a certain influence on 
the ouabain receptor [40]. 

Perinatal treatment with caffeine [26] accounted 
for a considerable increase in adult gastric ulcer 
susceptibility. Prenatal alcohol administration 
altered alcohol sensitivity in adulthood and in- 
creased tolerance to druge eliciting cross-tolerance 
to alcohol in man, as e.g. phenobarbital and 
diazapam. Moreover, rats and pigs treated with 
alcohol in utero consumed in adulthood consider- 
ably more alcohol than those not exposed to it 
prenatally. [27, 29]. 

By analogy of hormonal imprinting, the en- 
zymes may be influenced by their substrates in the 
perinatal period. For example, neonatal exposure 
to benzo-a-pyrene or methylcholanthrene has a 
life-long impact on the hepatic microsomal enzyme 
system [30]. 

Imprinting by drugs (chemicals) depends not so 
much on the age of the individual, as on the stage 
of development of the target cells. Adult patients 
chronically treated with digoxin showed a con- 
siderable change in erythrocytic digoxin binding 
relative to the untreated controls [31]. 

Since benzo-a-pyrene and digoxin develop ac- 
tion at receptor level, their effect on the receptors 
resembles that of hormonal imprinting. However, 
it appears that imprinting can take place also at 
levels other than receptorial, for the actions of 
caffeine and alcohol are clearly receptor- 
unrelated. The underlying mechanism is in all 
probability the neonatal adjustment of the enzyme 
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system responsible for the splitting of these mate- 
rials, [32, 33], as is the case with the influence of 
neonatal exposure to steroid hormones or benzo-a- 
pyrene on the functioning of the microsomal 
enzyme system in adulthood [34]. 

It follows that imprinting is an issue of interac- 
tion between the ligand and its binding Site, 
regardless whether a_ receptor—hormone_rela- 
tionship or an enzyme—substrate relationship is 
involved. The main point is the establishment of 
the final relationship, which may be normal or 
abnormal, depending on the nature of molecules 
which appear in the critical period. 


Behavioural imprinting 


The conception of the perinatal behavioural 
imprinting of animals was originated by Lorenz 
and has since been generally adopted by animal 
scientists. The newly hatched duckling would 
follow its mother, but in absence of the mother the 
following reflex may be fixed on an object (e.g. a 
ball) or a human being, whose movements the 
duckling perceives visually during the critical 
period of behavioural imprinting. Thus the duck- 
ling develops a certain “sentimental” attachment 
to the imprinting object, whatever the latter’s 
nature. The impact of this attachment lasts for 
life-time. Imprinting for the recognition of species 
or breed mates, and of the opposite sex or even an 
object as potential sexual partner also takes in the 
critical period, which is definitive and relatively 
short, but does not terminate abruptly [35, 36]. 

The song repertory of a finch includes about 20 
tune patterns, of which 17 are possessed by 
heredity, but three are sung only by those finches, 
which had been reared by the parent. Artificially 
reared finches either fail to sing the three patterns 
in question, or present others lasting for similar 
time [37, 38]. This observation again seems to 
substantiate the implication that, although the 
behavioural patterns are genetically encoded, they 
require amplification by environmental influence 
for coming into display. Finches exposed during 
rearing to hearing the songs of many other birds 
would learn only the three tune patterns in 
question. It follows that the learning potential is 
itself genetically encoded, and limits the selection of 
information to given range, while it simultaneously 


presupposes that the patterns to be learned are 
present in the critical period of imprinting. Thus 
the behavioural patterns are encoded in an open 
genetic preogramme, which requires a key stimulus 
for activation and fixing. For example the picking 
reflex of the chick is activated by the sight of the 
stick-like legs of itself or its mates, but matchsticks 
are also suitable for activation [39]. 

Harlow demonstrated in his famous experiment 
that behavioural imprinting also occurs in mam- 
mals as high as apes. While a baby monkey reared 
by its mother developed to a social being, the one 
maintained on a haired phantom mother de- 
veloped unsocial traits, and the third maintained 
on a wire phantom developed frankly antisocial 
patterns of behaviour [40]. Observations on 
humans have affirmed that imprinting plays a 
decisive role in the development of the human 
individual, too. The environmental factors acting 
in the postnatal period, namely the maternal 
influence, have a life-long impact on the newborn 
baby. It appears that the period of imprinting lasts 
considerably longer in humans than in animals, for 
it begins with prenatal adjustment to maternal 
influences (e.g. maternal heart function) and 
continues for a relatively long time after birth. It 
has been suggested that the foetus can perceive the 
tones of the mother’s voice already in utero [39]. 
This is not surprising, if it is taken into considera- 
tion that vocal stimuli also act on the developing 
duck embryo inside the egg, although its connec- 
tion with the maternal body is much less intimate 
than that of the human embryo. 

Although behavioural imprinting seems to de- 
pend entirely on the nervous system, it is associ- 
ated to a considerable degree with simple chemical 
components. Among other traits food preference, 
too, is also developed in the perinatal period. 
Experiments with tortoises have shown that the 
animals prefer those foods in adulthood, which 
had been available in the critical period of perinat- 
al imprinting. A single “meal” may be sufficient 
for imprinting food preference. The chemical 
rather than nervous basis of that aspect of imprint- 
ing is shown by the experimental fact that perinatal 
fat and cholesterol diet had a demonstrable impact 
on cholesterol homeostasis in adulthood [39]. 
hand that 


Thus the conclusion lies close at 
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although the elements of the behavioural patterns 
are genetically encoded, the genetic programme is 
open and the patterns require environmental 
influence for amplification in the overwhelming 
majority of the cases. 

Certain elements of imprinting also persist in 
adulthood. The birds parents “learn” the charac- 
teristics of their offspring at the first hatching, and 
will not accept different traits in the subsequent 
offspring generations. In mammals, imprinting for 
maternal behaviour is induced by olfactory stimuli. 
Avian and mammalian maternal imprinting is 
equally induced by the birth of the first offspring, 
since it cannot, by nature, arise before the repro- 
ductive age. Maternal imprinting, too, is limited to 
a relatively brief period, which terminates practi- 
cally with the establishment of the maternal 
behavioural patterns [38, 39]. 

Behavioural imprinting persists as a rule latently 
and becomes expressed only in response to the 
specific stimulus. Male birds imprinted for another 
avian species will prefer sexual partners of the 
foreign species to whereas female birds do not 
develop such preference. If, however, the females 
imprinted for a foreign species receive testosterone 
later in life, they will preferentially approach 
—with male behavioural patterns—the foreign 
females. This observation substantiates the exist- 
ence of imprinting and the necessaity of its 
association with a hormonal stimulus as well. 


oe) 


Immunological imprinting: differentiation of “self 
from “non self” 

The preservation of the integrity of an organism 
is the responsibility of the immune system, whose 
cells destroy, either directly or by immune secre- 
tions, the materials or structures recognized as 
“nonself” (foreign) but do not in any way influence 
the structurally similar entities recognized as 
“self”. The question arises, how the immune 
system can “tell” self from foreign? The recogni- 
tion of “foreign” is possible only relative to “self”, 
because structures which represent “self” for one 
organism are “foreign” to the other. Obviously, 
several chances are available for the immune cells 
during their formation. One possible explanation 
is that each organism forms for itself a special set 
of immune cells which do not produce antibodies 


to any material or structure (of antigenic potential) 
present in the organism itself, but do produce them 
against those which either enter into the organism 
from the outside world, or behave inside it as 
“foreign”. The alternative explanation is that the 
immune cells are capable to act either directly or 
indirectly by immune secretions, against all mate- 
rials or structures which ever have, or ever will 
have, behaved as a potential antigen. However, in 
that case the system is obliged to “learn” the 
differentiation of “self” from “non-self”. 

All nucleated cells posses markers (class I 
MHC) which are characteristic of the given micro- 
or macroorganism. with these markers is associ- 
ated the capability of differentiating “self” from 
“non-self” [41]. The markers (antigens) present 
in the organism during the development of the 
immune system account for suppression of all 
clones which were capable of producing antibodies 
to them, and exclude threby the production of 
auto-antibodies (antibodies to “self”), but do not 
interfere with the proliferation and the immunolo- 
gical potential of the other clones. However, the 
cells of the suppressed — “forbidden” —clones sur- 
vive, and their inhibition depends of the con- 
tinuous presence of the antigen (marker), because 
the autoantibody producing capacity immediately 
returns in absence of the marker. 

The suppression of the self-compartment of the 
immune system is not a singular event: it takes 
place continuously. Certain antigens suppress the 
adequate immune clones already in prenatal life, 
while others act on these only in the early postnatal 
period. Since, however, the perinatal stage of 
suppression terminates by the end of the early 
postnatal period, the auto-antigens appearing later 
in life (ocular lens, male gametes etc.) are neutral- 
ized by other protective mechanisms. 

It follows that the operation of the system 
accounting for differentiation between “self” and 
“non-self” is also associated with intrauterine or 
perinatal imprinting, and is based on a negative 
immune “memory”, which functions excusively in 
presence of the imprinter. 
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INTERRELATIONSHIPS BETWEEN GENETIC 
PROGRAMME AND ENVIRONMENT DURING 
ONTOGENETIC DEVELOPMENT 


The foregoing considerations on the four main 
aspects of imprinting (more are practically not 
known) strongly suggest the relativity of genetic 
determination in certain cases. The genes them- 
selves only determine—or rather de-limit—a cer- 
tain range of potentials, their role being the 
limitation rather than the unfolding of the totality 
of possibilities available. Thus the genes offer 
essentially a set of choices, of which either the 
environmental influences operative at a given time 
will select the actual trend of development, and the 
available genes determine the potential place and 
time for an actually suitable selection. If the actual 
chance is missed, only some other trends of 
development are possible, which may result in an 
inadequate function. It follows the the choice from 
among the possibilities offered by the genes is 
deterministic rather than chance-dependent, yet, 
since the genetic programme is plastic, it does 
require the collaboration of imprinting (environ- 
mental influence). 

The nature of the systems brought into opera- 
tion by imprinting also deserves consideration. 
The endocrine, nervous and immune systems are 
essentially recognition systems, in which the inter- 
relationships between the elements of the system, 
and between the system as a whole and its 
environment play a decisive role. The imprinting 
of sex is partly outside this category, for chromo- 
somal sex is endogenously determined, partly 
satisfies the criteria of a recognition system, 
inasmuch as it involves receptor-level events and 
presupposes a choice between two possibilities 
(male or female) at all levels involved in the 
expression of one or the other sex. The nervous 
system recognized presence of a male or female 
gonad by receiving the adequate hormonal signal. 
In many event, sex differentiation presents the 
most striking example of the plasticity of the 
genetic programme, for the phenotypic expression 
of sex may considerably deviate from, or even be 
opposite to, the chromosomal sex (Morris’s dis- 
ease: testicular feminization). The same extent of 
plasticity would, in other systems, imply such 


extreme changes as for example development of 
the liver to a pancreas, or vice versa. Since, 
however, such changes have been unprecen- 
dented, there is reason to postulate that exclusive- 
ly recognition systems are endowed with those 
potentials, which permit selection from a wide 
range of possible choices by means of imprinting. 

The protein patterns encoded in the gene may 
be similar in unicellulars and single human cells. 
The specific difference between unicellular organ- 
ism and a human liver, nerve etc. cell is associated 
with the intra-genomic localization and regulation 
of the protein patterns, i.e. on the given genetic 
programme. The normal development of an 
organism presupposes the operation of an intact 
genetic programme. Regulatory or structural 
errors in the genome account for a faulty develop- 
ment. These circumstances presuppose rather 
than exclude the collaboration of environmental 
factors, i.e. of interactions at intra- and/or inter- 
cellular level as well as between the organism and 
its environment. During ontogenetic develop- 
ment, the activation or termination of a program- 
me depends in most cases on the product of 
another cell which, although itself an issue of a 
programme, acts on the target cell as an environ- 
mental factor. 

The “other cell” or its product can act on the 
target cell only at a time when the target cell’s 
programme is available for activation. If activation 
is missing, the target cell fails to develop (or to 
function), and this failure will have a major impact 
on the signal emitting cell as well as on a third cell 
which would have depended on the target cell for 
environmental influence. It follows that the nor- 
mal course of ontogenetic development, too pre- 
supposes the interaction of gene level events and 
environmental factors (activable genetic program- 
mes and key stimuli), and although the environ- 
ment could never activate a programme not 
carried (permitted) by the genes, the genetic 
information requires the presence (collaboration) 
of an environment for expression. In view of this it 
is not surprising that the recognition systems of the 
organism, which are responsible for contact with 
the environment, depend to a greater degree than 
other systems (cells) on environmental influence 
for the unfolding of their genetically programmed 
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structure and function. 


The “tuning” of signal recognition systems 


If recognition systems are interpreted in terms of 
the technical-cybernetical nomenclature, one may 
characterize the information stored in the genes as 
the structure which determined the capacity of a 
receiver, and the number of the signal emitters it 
can cover, but does not determine the quality of 
signal reception. The quality of reception depends 
on tuning, more precisely on fine tuning, which 
requires a special intervention. In this sense, 
sexual and immunological imprinting depend en- 
tirely on external intervention (direction-finding of 
sex differentiation, resp. suppression of cells 
against autoantigens), whereas behavioural and 
hormonal imprinting (hormone receptor forma- 
tion) evolve exclusively by fine tuning. 

The normal functioning of an organism presup- 
poses the normal operation of all its component 
organs and/or cells. All cells of an organism carry 
the same genetic information, but each realizes a 
different part of the genetic programme during 
ontogenetic development. Cell differentiation 
accounts for the morphological and functional 
dissimilarity (specialization) of the cells integrated 
into the unity of a multicellular organism. Those 
details of the genetic programme, which become 
materialized in the single cells seem to contain the 
code for the quality, yet in all probability not for 
the quantity, of the materials produced by the 
given cell. Thus the interacting cells have to “learn” 
the potentials of the interacting partner during a 
critical stage of ontogenesis. Imprinting probably 
plays a role in this “learning” process, by disclosing 
for the target cell the properties of the signal 
emitter cell, to which the target cell is obliged to 
adapt the capacity of its signal receiving system. 
The down-regulation mechanism required for 
arresting the action of a given hormone is probably 
only latently present, if at all, in the prenatal 
period, because it takes effect only postnatally 
[42], at the primary interaction between the 
hormone and its target cell. Hormone peaks 
appear postnatally in succession, and the peaks of 
the related hormones are separated from one 
another by time intervals long enough to permit 
the establishment of receptor specificity as well as 


the fine tuning of the target cell for reception of the 
signals emitted by the regulating cell. 

The regulation of the whole organism takes 
place within a hierarchical system. The different 
elements of the endocrine system are variously 
interrelated, and also operate in a hierarchical 
order. The pituitary gland, which is at the top of 
the hierarchy, is controlled by the nervous system. 
The adaptation of the systems to one another is a 
necessary prelude to their co-ordinated function- 
ing, and takes place in all probability prenatally. A 
characteristic example of perinatal adaptation is 
the sexual imprinting, during which the hypothala- 
mic rather than the hypophyseal nuclei are re- 
spond to the sexual steroids (this does not, 
naturally, exclude the perinatal adaptation of the 
pituitary gland as well). Adaptation also involves a 
“calibration” of the components involved in the 
interaction (This is not surprising, if it is taken into 
consideration that e.g. the cells of same individual 
are responsible for antigenicity and immunity, yet 
they have to adapt to one another to be able to 
suppress auto-immune response. Although the 
antibody producing and antigen-like cells are 
controlled by the gene complement of the same 
organism, no suppression occurs without presence 
of the auto-antigen). 

It follows from the foregoing considerations that 
presence of certain (foreign) materials during 
imprinting (tuning or fine-tuning) may prevent the 
integration of the different micro-systems and 
thereby the development of the macro-system as 
well. Alteration of a single link in the interacting 
systems may affect the macro-system to the extent 
that even a positive local change may have a 
negative impact on it. It should also be noted that 
the tuning effected by abnormal imprinting does 
not necessarily, or not exclusively, take place in 
the adequate system. Perinatal treatment with 
sexual steroids interferes with the normal course of 
glucocorticoid receptor maturation, too [21], and 
neonatal glucocorticoid exposure also effect the 
ouabain receptor [43]. This can be explained by 
the structural similarity of the imprinters, or by a 
disturbance in the macro-system, which may also 
change the trend of imprinting. As already noted, 
the non-specific stimulus conveyed by maternal 
stress may adversely affect the sexual imprinting of 
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the foetus (homo-or bisexuality) [8]. 


Interrelationship between imprinting and external 
influence 


All recognition systems are open systems, but 
the degree and duration of openness varies with 
the nature of the system. The nervous system, 
with its life-long capability of “learning” is open 
for lifetime. In contrast, behavioural imprinting is 
limited to a critical perinatal period, and so is basic 
immunological imprinting, although the immune 
system would “learn” as long as it exists. Howev- 
er, behavioural imprinting may return later in life 
for short critical periods (e.g. imprinting of the 
maternal instinct occurs around hatching or par- 
turition), whereas immunological imprinting for 
the differentiation of “self” from “non-self” ter- 
minates perinatally. Sexual as well as hormonal 
and enzyme imprinting, too, takes place and 
terminates perinatally, but while sexual imprinting 
is finalized perinatally, hormonal imprinting con- 
tinues to occur in the cytogenetic organs for 
life-time, and once imprinted cells may become 
re-imprinted in the conditions of de-differenti- 
ation, e.g. during regeneration or in culture (in 
vitro). It appears that periodic availability for 
imprinting is a common specific property of recog- 
nition system, and depends on the nature of the 
systems’s function. 


Why does imprinting take place perinatally? 
Although imprinting can, in certain cases, take 
place later and earlier in life, its intimate associa- 
tion with the perinatal period, which seems to be 
physiological as well as deterministic, invites ex- 
planation. This seems to be easy enough in the 
case of sexual imprinting, since the adjustment of 
the hypothalamic nuclei presuppose the segrega- 
tion of the foetal and maternal organism, i.e. 
exclusion of the influence of maternal and 
placental hormones. The excess of the latter 
relative to the foetal hormones would prevent the 
male trend of sexual development. 
explanation may be offered for the association of 
hormonal imprinting with the perinatal period. 
Apart from a major interference of maternal 
hormones, the receptors of the foetal organism 
cannot mature in utero, owing to subordination of 


A. similar 


foetal responses to the selective dominance of the 
placenta, and to other aspects of foetal develop- 
ment. Moreover, neonatal hormone production 
differs from the foetal one both qualitatively and 
quantitatively, owing at least partly to the change 
of environment. The impact of environmental 
changes could also accunt for the perinatal timing 
of enzyme imprinting. It is, in all probability, 
necessary that the neonate’s hormone (substrate) 
production is recognized as “self”, at least in 
respect of its quantitatie relations, which deter- 
mine the number of receptors required for a 
normal functioning of the receptor—hormone 
relationship in the independent organism. 

Immunological imprinting, i.e. the ability to 
differentiate between “self” and “non-self”, is 
acquired in a long process which commences with 
the maturation of the immune system and termin- 
ates in the early postnatal period, at different times 
depending on the species and on the nature of the 
antigen. Since the iso-enzymes (proteins) appear- 
ing in the different stages of development are 
slightly dissimilar, there is reason to postulate that 
the proteins aquire their immunologically “safe” 
final form only after the unfolding of the recogni- 
tion potentials of the immune system. Exceptions 
are, of course, those protein structures, which 
appear later in life (ocular lens, male gametes); a 
delay of the development of the basic recognition 
mechanism until then would seriously affect the 
balance between the organism and its environment 
(homeostasis). 


Imprinting and disposition 

Summarizing the foregoning considerations, the 
implication lies close at hand that the perinatal 
interactions between future target cells and en- 
vironmental chemical (key) stimuli represent 
essentially a cellular-level chemical imprinting, 
which plays a fundamental role in the coordination 
of the recognition mechanisms of the organism. 
The different forms of cellular-level imprinting are 
basically involved in the adjustment of endogenous 
functions, whereas behavioural imprinting covers 
the fixing of those early environmental stimuli, 
which are fundamentally important for the survival 
of the individual. Yet, chemical imprinting also 
plays a decisive role in the establishment of 


822 G. CSABA 


behavioural patterns, not only because the nervous 
responses are originated at receptor level and are 
mediated chemically, but also because many im- 
portant environmental signals (food preference, 
impact of cholesterol diet on cholesterol homeos- 
tasis in adulthood etc.) are interpreted by the 
organisms in terms of chemical signals. 

The perinatal timing of chemical imprinting 
easily gives the impression that the events covered 
by it are genetically determined. Prior to the 
ingenious discoveries of Burnet and Medawar, 
immunobiologists generally believed that immun- 
ity was developed exclusively against “foreign” 
antigens, and there was no presumption that “self” 
—antigens, too, had to be neutralized in a certain 
period of ontogenetic development. The recogni- 
tion of immune suppression stemmed from the 
clonal selection theory and from experimental 
evidence of actively acquired tolerance. The 
textbooks still state [44] that individual variations 
in the operation of the microsomal enzyme system 
are genetically determined, although the variations 
could as well be attributed to individual differences 
in neonatal imprinting. Faulty hormonal imprint- 
ing in the neonatal age has the same result as the 
gene-level defect of hormone receptors, and the 
behavioural abnormalities of a child deprived of 
parents or brought up in an unsocial environment 
may be similar to those conferred by gene-level 
defects. If follows that current conceptions on 
disposition should be modified, inasmuch as further 
to the hereditary aspect they should also cover the 
possibility of perinatal imprinting, whose impact 
may be, in given conditions, equivalent to that of 
the hereditary predisposition. 

In this light it is indeed difficult to differentiate 
between the issues of perinatal imprinting and 
genetic determination, regardless whether the 
functions or traits in question are normal or 
abnormal. Although the greater part of the 
congenital defects is genetically determined, a 
minor part is consequent upon intrauterine dam- 
ages. The apparent stupidity, unsocial or even 
antisocial behaviour of a child on entering the 
school may as well be consequent upon hereditary 
traits as upon negative influences during upbring- 
ing, i.e. upon faulty behavioural imprinting in 
early childhood [45, 46]. However, the better 


understanding of the role of hereditary and im- 
printing-related factors requires a sharp dif- 
ferentiation between in utero effects (including the 
genetic factors) and (perinatal) imprinting— 
associated effects. Imprinting involves the joint 
effect of endogenous factors and exogenous in- 
fluences, because part of the normal genetic prog- 
ramme required collaboration of the environment 
for running to its end. Faulty imprinting has at the 
same time a teratogenic effect, regardless whether 
it Occurs pre or postnatally. 

The process of imprinting is similar to, but not 
identical with, learning. Learning is a special 
potential of the nervous system and immune 
system, which can take effect at any time in life, 
being not limited to a critical period (or periods). 
Although both systems “remember” what they 
have learned, the information so acquired can be 
deleted from the nervous system, or its “memory” 
fades away sponteneously if repetitions are lack- 
ing. Imprinting, on the other hand, can take place 
in both systems exclusively within a critical period, 
by activation of the genetic programme, and the 
information so acquired persists for lifetime. While 
the learning process of the nervous system is 
repeatable, imprinting is irrepeatable, and if it fails 
to take place in the critical period, the organisms 
misses it lifelong, or even fails to survive. 


Hereditary transmission of the information con- 
veyed by imprinting 

It was demonstrated experimentally that rats 
neonatally treated with thyroxin for a few days 
were in adulthood less responsive to thyrotropic 
hormone (TSH) than the untreated controls [10]. 
This shows that, for lack of imprinting by TSH in 
the critical period, the thyroidic TSH-receptors 
became insensitive to the adequate hormone. 
Neonatal exposure to thyroxin gave additionally 
rise to certain hypothalamic-hypophyseal, thyr- 
oidic and gonadal abnormalities [47, 48]. Mating 
of female rats so treated to untreated males caused 
for functional disturbances of the thyroid and 
gonads in the first offspring generation. The 
functional abnormalities persisted to a certain ex- 
tent also in the second offspring generation. Suck- 
ling rats given alloxan showed a decreased glucose 
tolerance in adulthood. The induced diabetes 
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persisted latently in six offspring generations, and 
become clinically expressed in the seventh genera- 
tion [49]. A single neonatal treatment of rats with 
insulin altered the binding capacity of the hepatic 
insulin receptors. The first offspring generation 
responded by an even greater change to perinatal 
insulin exposure [50], but no such effect could be 
observed in the further generations. It follows that 
although the impact of the external influences 
acting on the organism in the critical perinatal 
period is not comparable to that of the gene-level 
effects, it does outlast the parent generation direct- 
ly involved in imprinting, to judge from its reap- 
pearance in one to more offspring generations. 
Although it is still obscure, whether transmission 
to the offspring occurs directly via membrane level 
changes, or indirectly, by a potential for adequate 
response to imprinting-like environmental in- 
fluences, the great variety of the factors involved in 
chemical imprinting and the hazards involved in 
the current trends of chemization should at least 
inspire speculations on new approaches to the 
problem. 


The mechanism of the cell-to-cell transmission of 
imprinting 

Imprinting takes place perinatally, when a hor- 
mone, a substrate, an antigen or an individual 
meets the signal receiver, which initiates the pro- 
cess. Since, however, the cells of an adult animal 
represent the distant progeny of those which had 
been directly involved in imprinting, a cell-to-cell 
transmission of the information is self-evident. 
The only exception is the nervous system, whose 
cells are not exchanged by proliferation. As to the 
cells of the immune system, it is known that those 
capable of recognizing the auto-antigens are 
permanentely suppressed, but suppression presup- 
poses partly the permanent presence of the auto- 
antigen, partly the permanent activity of the sup- 
pressor T-cells, which act on the “forbidden” 
clones. The other cells of the immune system 
proliferate continuously, and transmit the gene- 
level information pertaining to the recognition of 
“foreign” molecules from one generation to the 
other. 

While the transmission of the information con- 
veyed by imprinting plays no role in the case of the 


nerve cells and certain immune cells, it is vital for 
hormone receptors and enzymes [51], and presup- 
poses the operation of either a gene-level or a 
membrane-level mechanism. The prerequisite of 
membrane-level transmission would be a self- 
reproduction of the membrane receptors, viz. of 
cytosolic enzymes, which takes place indenpen- 
dently of the genetic programme. This hypothesis 
is supported by certain implications [52], but evi- 
dence remains to be obtained for its substantia- 
tion. A third alternative is the cell-cell transmis- 
sion of the information, by involvement of an as 
yet unknown material substrate. There is evidence 
that mammalian cells transmit the information 
conveyed by imprinting to daughter cells by direct 
contact [19], and unicellulars transmit it in culture 
by means of a transmission factor released into the 
nutrient medium [53]. It cannot be excluded either 
that imprinting takes effect by readjusting the 
genetic programme (by acting on a regulator 
locus?) in the perinatal period, when cellular hor- 
mone internalization increases several times over 
the adult level, and the final issue is a reassembly 
of the gene complement (such as known in the 
immune system in connection with the great varie- 
ty of antigens), which persists in the offspring 
generations. 


CONCLUSIONS: CONGENITAL, HEREDITARY 
AND ACQUIRED TRAITS 


The conception of congenital abnormality has 
been currently modified. While formerly it co- 
vered mainly morphological defects, the current 
interpretation also covers biochemical defects, 
which are in fact more numerous and also more 
serious in part of the cases. Thus not only the 
defects obvious at birth are regarded as congenital, 
but also those which become expressed later in 
life, in childhood or adulthood. Nonetheless, it is 
still, extremely difficult to differentiate genetic 
from environmental impact on an abnormality 
regarded as “congenital”, i.e. to distinguish the 
responsibility of genuine genetic determination 
from that of perinatal influences of teratogenic 
importance for the given defect. 

The segregation of the peri- and postnatal 
period of imprinting is of decisive importance, for 
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the developing foetus is obliged to adapt itself to 
the maternal organism and it is exposed to the 
effect of maternal sentiments like oppression, fear 
or joy already in utero. The maternal organism 
also plays a role in direct chemical imprinting, to 
judge from the child’s greater immunological pro- 
ximity to the mother than to the father, despite the 
equal share of both parents in the genetic material 
of the offspring. During the maturation period of 
the foetal immune systme, the maternal proteins 
increasingly gain access to the embryo through the 
placenta (which tends to become less selective in 
advanced gestation), and may impress the de- 
veloping immune system as “self” which can never 
occur with paternal proteins. Maternal influence 
on chemical imprinting continues in the period of 
lactation, during which the maternal proteins pre- 
sent in the milk are absorbed though the still 
immature intestinal mucosa of the neonate. The 
maternal hormones appearing in mother’s milk 
probably also play a role in the imprinting of the 
infant, in other words in tuning the neonatal 
organism to the maternal “wavelegths”. A similar 
maternal impact on enzyme imprinting could as 
well be postulated. The role of the mother in 
behavioural imprinting is generally known. 

The foregoing considerations support the hypo- 
thesis that the predisposing role of the imprinting- 
associated events may be equivalent to that of 
genetic predisposition in respect of certain patholo- 
gical conditions of the systems requiring the col- 
laboration of imprinting for development. The 
microsomal enzyme system or the hormone system 
develop not only by a genetically determined prog- 
ramme, but also by perinatal imprinting, which 
may in both cases lead to, or permit, certain 
pathological alterations, if it takes a faulty course. 

In this light, alcohol or drug addiction, too, may 
be consequent upon imprinting as well as on 
genetic determination, and it seems even more 
feasible that diseases arise by the interaction of 
endogenous and exogenous factors. A system, 
which is labile already at the gene-level, will become 
disased if it suffers a faulty imprinting, but will stay 
labile, yet healthy, if the imprinting is correct. A 
genetically stable system, in contrast, will be pushed 
toward the physiological limits of its normal func- 
tion, but not beyond these, by faulty imprinting. 


The collaboration of deterministic endogenous fac- 
tors and changed environmental influences is there- 
fore of decisive importance, and should be taken 
into consideration not only for diagnostic approach 
to a disease, but also for contemplation of a perinat- 
al intervention. 

Genetic demages tend to become more frequent 
recently, not only because they are more easily 
recognized, but also because environmental 
mutagens are more numerous than formerly. The 
relative importance of disturbances in imprinting 
is, however, still greater. Pre or perinatal expo- 
sure to environmental chemicals is greater than 
ever. The mother deals with scores of synthetic 
compounds during both the early and late stages of 
her pregnancy. Some of these chemical are tera- 
togenic in early pregnancy, and account for faulty 
imprinting in the advanced state. The chemicals 
used at delivery act on the neonate in the most 
critical stage of imprinting, and the pharmacons 
taken by the nusing mother, or those present in the 
cow’s milk given to artificially fed babies, repre- 
sent adverse environmental influences for the 
neonate. Perinatal interventions may bias the nor- 
mal course of imprinting, exactly as exposure to a 
foreign antigen in the period critical for the dif- 
ferentiation of “self” from “non-self” will lead to 
later acceptance of the foreign molecule as self. The 
insight already obtained into immunological dis- 
turbances arising from this cause reminds that 
similar hazards may threaten the development of 
other recognition systems, too. 
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Neuroendocrinology of Osmoregulation in Crabs 


Frep I. KAMEMOTO 


2538 The Mall, Department of Zoology, University of Hawaii 
at Manoa, Honolulu, Hawaii 96822 


ABSTRACT—Neuroendocrine factors regulate water and salt movements in hyperregulating crabs. 
Two factors are found in the thoracic ganglion and hemolymph. A water soluble factor decreases 
water influx while an acetone soluble factor increases influx into the animal via the posterior gills. 

Dopamine, found in the pericardial organ, and cAMP increase sodium uptake in the gill. Addi- 


tionally, these compounds increase Na*K* ATPase activities of the gills. 


Na*tK*ATPase is an 


adaptive enzyme, responding to decreases in the environmental salinity. Exposure of crabs to dilute 
salinity also causes increases in heart rates in response to cardioexcitors of the pericardial organ. All 
of these activities are involved in the integration of osmoregulation in crabs. 


INTRODUCTION 


Crabs (Brachyura, Decapoda), as with other 
crustaceans, inhabit various habitats from the deep 
sea through intertidal and estuarine waters into 
freshwater and terrestrial habitats and encounter a 
variety of osmoregulatory problems. Various 
crabs may be stenohaline in nature and be res- 
tricted to narrow saline environments. Others are 
euryhaline and can accomodate a wide range of 
salinities ranging from seawater to freshwater. In 
euryhaline crabs which migrate freely from a 
hypersaline seawater environment into freshwater 
streams as the blue crab Callinectes sapidus or the 
mud or mangrove crab Scylla serrata, it appears 
obvious that considerable osmotic adaptations 
would be necessary and that these adaptations 
would be controlled by hormones. This paper will 
attempt to review the evidences for the involve- 
ment of neurohormones in the regulation of salt 
and water balance in euryhaline, hyperregulating 
crabs. 

Early work on neurosecretion and osmoregula- 
tion in crustacens had demonstrated that neuroen- 
docrine systems as the X-organ sinus gland system, 
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brain and thoracic ganglion may be involved in 
maintaining salt and water balance. Studies were 
concerned primarily with changes in weight and 
salt and water contents of the hemolymph, espe- 
cially in relation to the molt cycle [1]. Neuroen- 
docrine control of hydromineral homeostasis in 
crustaceans was first suggested by McWhinnie [2] 
in 1962 by her studies on the regulation of calctum 
levels in the hemolymph of the freshwater crayfish. 
She injected extracts of neuroendocrine tissues 
into the crayfish which affected changes in the free 
calcium levels in the hemolymph of intermolt 
animals. This led to a number of studies on 
neuroendocrine regulation of salt and water ba- 
lance among crustaceans which have been re- 
viewed [3, 7]. There are increasing evidences that 
neuroendocrine factors, amines and_ peptides, 
affect osmoregulation, especially among the de- 
capod crustaceans, crabs, lobsters and shrimps. 
Evidences include the presence of factors which 
regulate water and salt movements in the gills, the 
role of the cyclic nucleotide cAMP as a second 
messenger, the effect of osmotic stress and dopa- 
mine on the gill sodium pump enzyme 
Na’ K* ATPase, and the effect of the pericardial 
organ cardio excitor hormones on osmoregulation 
among crabs. 
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Most crabs can be classified as osmoregulators 
or osmoconformers. Osmoregulatory capacities of 
five crabs found in Hawaiian waters are presented 
in Pigs. Chloride concentration of the 
hemolymph, a good indicator of total osmotic 
concentration is plotted against percent seawater 
concentration. The bold line represents isotonic- 
ity, the chloride concentrations being equal in the 
hemolymph and seawater (SW). Concentrations 
of chloride in hemolymph to the left of isotonicity 
would represent hyperregulation with hyporegula- 
tion being represented by hemolymph concentra- 
tions to the right of the isotonic line. Hemolymph 
concentrations of osmoconformers as Calappa 
hepatica and Podophthalmus vigil conform to that 
of the medium. Excellent regulators as Metopog- 
rapsus thukuhar can hyperregulate in dilute media 
below 70% SW and hyporegulate above that SW 
concentration. Portunus sanguinolentus is a good 
hyporegulator while Thalamita crenata is a good 
hyperregulator. Most studies on crustacean 
osmoregulation have been devoted to hyperregula- 
tion and it is this hyperregulation which appears to 
be regulated by neurohormones. 
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Fic. 1. Osmoregulatory capacities of five Hawaiian 


crabs. Modified from Kamemoto and Kato [8]. 


Neurohormones and Water and Salt Movement 


Brain and thoracic ganglion (ThG) factors reg- 
ulate the movement of tritiated water into the 


animal from the external medium in Thalamita 
crenata [9]. ThG was extracted with acetone to 
remove the acetone soluble factor. ThG was then 
extracted with deionized water. The water soluble 
fraction, injected into intact crabs, caused a de- 
crease in the influx of tritiated water by 70% when 
compared to control, saline injected animals. This 
water soluble, influx decreasing factor is believed 
to be a peptide with a molecular weight of 800- 
1000 daltons on the basis of sephadex separations. 
A second factor, a yet to be described acetone 
soluble factor, caused an increase in the influx of 
water by 19% when compared to controls, indicat- 
ing the presence of antagonistic factors regulating 
the influx of water into crabs. 

Gills appear to be a primary site of action for the 
two factors. Crabs were clamped dorsal side down 
and only the gill chambers were irrigated with SW 
containing tritiated water. Hemolymph was col- 
lected and analyzed for the influx of tritiated 
water. Injection of the water soluble factor caused 
a 42% decrease in the influx of water while the 
acetone soluble factor caused a 16% increase in 
influx. 

The posterior gills are believed to be the target 
tissue for the two factors. The posterior gills are 
known to be the sites of major osmoregulatory 
activity, the regulation of monovalent ions and 
more specifically of sodium uptake [10-15]. Spe- 
cialized cells of the posterior gills are rich in 
mitochondria and have high levels of Na‘K‘- 
ATPase, basic characteristics of sodium regulating 
cells [15-21]. 

The posterior gills have been isolated and per- 
fused effectively to study the roles of extracts on 
water and sodium movements. Tullis [22] de- 
veloped a technique for the perfusion of an iso- 
lated crab gill, cannulating the afferent and effec- 
rent vessels with polyethylene tubing held in place 
by a single ligation. The perfused saline passes 
from the afferent vessel across the lamellae to the 
efferent vessel, mimicking normal hemolymph cri- 
culation, and is collected for analysis. In the intact 
crab, hemolymph from the ventral sinus is passed 
through the gills and to the heart by the bran- 
chiocardial vessels which open into the pericardial 
cavity. Tullis described the influence of the factors 
that decreased water influx and increased sodium 
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efflux from the isolated perfused gill. Using this 
technique and automating the system for con- 
tinuous perfusion and collection of the perfusate 
with the use of a peristaltic pump and fraction 
collector, the rate of influx of tritiated water into 
the gill was estimated. In the green carb Carcinus 
maenas water extracts of ThG perfused through 
the isolated gill decreased the influx of tritiated 
water [23]. Similar results were also obtained in T. 
crenata, although a prior extraction of the ThG 
with acetone was necessary [5] to express the 
effects of the water soluble fraction in decreasing 
water influx (Fig. 2). The necessity of a prior 
extraction with acetone indicates that there are 
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Fic. 2. Effect of thoracic ganglion extract on water 
influx in the isolated perfused gill of Thalamita 
crenata. Thoracic ganglion is homogenized in deio- 
nized water, heated three min in boiling water bath 
and centrifuged. Supernatant it freeze-dried and 
reconstituted in crab saline. Osmotic concentration 
is adjusted to that of normal saline being perfused. 
Freeze-dried material is extracted with acetone and 
treated as above for the acetone extracted water 
soluble fraction. Sampling for influx of trititated 
water was initiated after equilibration of perfused 
gill. Extracts were perfused through the gills during 
periods indicated. Abscissa-sequential 25 drop sam- 
ples of perfusate. Ordinate-influx values expressed 


relative to control pre-extract periods as 1.0. Mean 
+SE, N=4. 


829 


two factors in ThG of crabs acclimated to 100% 
SW. The activity of the water soluble factor which 
decreases water influx can also be demonstrated in 
the hemolymph. Hemolymph extract caused a 
decrease in water influx in the perfused gill of T. 
crenata (Fig. 3). Acetone extraction prior to water 
extraction caused a greater effect of the water 
soluble influx decreasing factor. Apparently, the 
two factors found in ThG are also present in the 
hemolymph. 


0.9 


= 08 
a s 
U | T ry +i a4 
® 4 
= ‘ 
EO O 7 @—@ Hemolymph 5 
w 100% SW 
0.6 O---O Hemolymph 
100%» SW 
Acetone 
Extracted Extract 
0.5 
Present 
0.4 
[Omel7S 19 20u elas 29. 24626), 26.827 2B) 29 
Fraction 
Fic. 3. Effect of hemolymph extract on water influx in 


the perfused gill of Thalamita crenata before and 
after extraction with acetone. Hemolymph from 
100% SW adapted crab is heated 3 min in boiling 
water bath and centrifuged. Supernatant is freeze- 
dried and reconstituted with deionized water. 
Osmotic concentration is adjusted to that of normal 
saline being perfused. Freeze-dried material is 
extracted with acetone before reconstitution for 
acetone extracted water soluble perfusion fluid. De- 
tails of perfusion as in Fig. 2. 


Similar studies on sodium regulation have been 
conducted on the perfused gill [24, 25]. When 
pericardial organ (PO) extracts were perfused 
through the gills of Callinectes sapidus, there was 
an uptake of sodium by the gill. PO, a neurohemal 
organ situated in the pericardial cavity, contains 
five cardioexcitor compounds, three monoamines, 
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dopamine, octopamine and serotonin, and two 
peptides [26]. Dopamine causes increases in Na* 
uptake by the gill (Kamemoto, unpublished data). 
When extracts of hemolymph from crabs adapted 
to 100% or 25% SW were perfused through the 
gill, a dramatic increase in Na* uptake is seen, 
suggesting the presence of a PO factor in the 
hemolymph [25]. The PO factor appears to be 
dopamine or octopamine. PO extracts and dopa- 
mine stimulate Na‘ uptake in intact crabs held in 
100% SW [27]. Injections into intact crabs caused 
significant increases in Na* uptake from the 
medium. No other neuroendocrine tissue extract 
in known to cause increases in Na‘ uptake in 
crabs. 


Cyclic Nucleotide as Second Messenger 


Cyclic nucleotides are believed to be functioning 
as second messengers for crustacean hormones as 
the crustacean hyperglycemic hormone [28] and 
the red pigment dispersing hormone [29]. The 
nucleotide cAMP appears to be involved in the PO 
neurohormone activity (Table 1) [24]. Isolated 
posterior gills of C. sapidus were perfused with 
extracts of ThG and PO, and two components of 
the PO, dopamine and octopamine. In all cases, 
there were increases in the cAMP levels of the gills 
after a 10min perfusion period. ThG extracts 
affect water movements while PO extracts and its 
monoamines increase Na~ uptake in the gill. 


TaBLE 1. The effect of neurohormones on cAMP 
in the isolated perfused gill of Callinectes sapidus. 
Gills were perfused 10min with one animal 
equivalent of Thoracic Ganglion and Pericardial 
Organ, and 10-°M solutions of Dopamine and 
Octopamine. Perfusion rates was 0.3 ml/min. 
N=4. Modified from Kamemoto and Oyama 
[24] 
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Prefusion of dibutyryl) cAMP (dBcAMP) 
through the isolated gill of C. sapidus caused 
dramatic increases in Na* uptake [25]. Injection 
of dBcAMP into intact crabs also caused increases 
in Na* uptake [27]. Further, incubation of the 
isolated posterior gills with dBcAMP caused in- 
creases in Na*K* ATPase activities in the gill [27]. 
Trausch, et al [30] have suggested that dopamine 
stimulated adenyl cyclase in the posterior gill of 
Eriocheir sinensis, increasing cAMP and stimulat- 
ing phosphorylation via a cAMP dependent pro- 
tein kinase. Clearly, cAMP is activated by 
neuroendocrine osmoregulators and has a direct 
effect upon Na* uptake in the gill. PO extracts, 
dopamine, a hemolymph borne factor believed to 
be dopamine, as well as cAMP induce increased 
Na* uptake by the crab gill. cAMP is a second 
messenger, mediating the effects of neuroendoc- 
rine substances on Na™ uptake. 


Osmotic Stress and Nat K* ATPase 


Na‘tK? stimulated, Mg’* dependent and oua- 
bain sensitive ATPase has received considerable 
attention since the report of Skou [31] of this 
enzyme in crab nerves. Quinn and Lane [32] 
reported on the presence of this enzyme in the gills 
of the terrestrial crab Cardiosoma guanhumi. 
Kato [33] demonstrated this enzyme in the gills of 
the semiterrestrial crab Metopograpsus thukuhar. 
NatKtATPase has been recognized as the 
sodium pump enzyme and has been studied exten- 
sively in the posterior gills which are the salt 
absorbing gills of hyperregulating crabs with spe- 
cialized cells rich in mitochondria and Na*K*- 
ATPase. 

This enzyme appears to be an adaptive enzyme, — 
adjusting to the osmotic stresses placed upon 
hyperregulating crabs. Increased enzyme activities 
in the posterior gills of crabs with acute exposure 
or acclimation to dilute external media have been 
reported for Callinectes sapidus {18, 34], Thalamita 
crenata and Penopeus herbstii [19], Eriocheir japo- 
nicus [35], Eriocheir sinensis [36], Uca pugilator 
[37], Uca pugnax [38], and Carcinus maenas [39]. 
These crabs are all hyperregulators and it can be 
generally accepted that exposure to dilute media 
stimulates increases in Na*K* ATPase activity in 
the posterior gills. This increased enzyme activity 
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presumably results in greater activity of the sodium 
pump in the uptake of sodium from a dilute 
medium. 

An anomaly is seen in some semiterrestrial 
hyperregulators, however. No increase in Na* K*- 
ATPase activity is seen when Metopograpsus thu- 
kuhar [19], Uca minax [37], Holometopus haema- 
tocheir or Sesarmops intermedia [40], all hyperre- 
gulating crabs, were exposed to dilute media. 
There is some evidence that Na* K* ATPase activ- 
ity of gills is increased in hyporegulation when 
crabs are placed in hyperosmotic media. The 
Na’ K~ ATPase of anterior gills are increased 
when E. japonicus is placed in 120% SW [35]. 
Enzyme activity of a gill is dramatically increased 
when M. thukuhar is exposed to 140% SW (Kame- 
moto and Ueda, unpublished data). Another 
anomaly is seen in the freshwater carb Geothelph- 
usa dehaani [40]. Na~ K~* ATPase is high in the 
anterior gills with only slight activities in the 
posterior gilis. There is no change in enzyme 
activity in the gills of Calappa hepatica, an osmo- 
conformer, when exposed to various salinities [19]. 

Neuroendocrine factors are involved in increas- 
ing Na’ K~ ATPase activities in the gill, thereby 
increasing sodium uptake and maintaining salt and 
water balance. Savage and Robinson [41] 
observed that the injection of hemolymph col- 
lected from C. sapidus acclimated to 30% SW into 
normal 100% SW acclimated crabs caused in in- 
crease in gill Na’ K~ ATPase activity within 20 
min of injection. This suggested that there is a 
substance in the hemolymph of crabs acclimated to 
dilute media which increased enzyme activity and 
Na uptake from the dilute medium. This effect 
could not be demonstrated with hemolymph col- 
lected from 100% SW acclimated animals. Based 
on information that PO extracts, dopamine and 
cAMP increased Na~ uptake, Sommer and Mantel 
[27] tested these substances on gill Na” K~ ATPase 
activity. Dopamine and PO extracts, injected into 
C. sapidus caused increased Na*~ K* ATPase acti- 
vities and Na~™ uptake in intact animals. When 
gills were isolated and incubated with dBcAMP, 
there was a significant increase in enzyme activity. 
Dopamine leads to phosphorylation of gill proteins 
and Na’ K~ ATPase [30] in E. sinensis. This adds 
support to the idea that dopamine might be the 


hormone secreted by the PO that stimulates Na* 
K* ATPase and the sodium pump in increasing 
Na* uptake by the gills. cAMP appears to be a 
second messenger in this process. 


PO Cardioexcitor Hormones and Osmoregulation 


It is clear that the PO and its bioamine are 
involved in sodium uptake in the posterior gills 
with the activation of cAMP and Na* K* ATPase. 
Additionally, there is evidence that the PO car- 
dioexcitor hormones may also participate in the 
overall osmoregulatory process among crabs. 

In 1976, Hume and Berlind [42] demonstrated 
that when the hyperregulating crab Carcinus 
maenas was placed in a dilute medium, heart rate 
increased. This increased heart rate, assuming that 
there is no decrease in stroke volume, could in- 
crease the circulation of hemolymph through the 
gills and thereby affect osmoregulation. The au- 
thors suggested that the increase in heart rate was 
caused by the release of PO cardioexcitor hor- 
mones in response to exposure of animals to dilute 
seawater. Osmoreceptors and ionoreceptors, 
which can perceive changes in external seawater 
concentrations, are found on the antennules [43, 
44] or the anterior portion of the crab [42]. 
Although the actual release of the cardioexcitor 
hormones in response to exposure to a dilute 
medium has not been determined, Zatta [45] was 
able to demonstrate a rapid increase in dopamine, 
another component of the PO, in the hemolymph 
of C. maenas after its tranfter to 50% SW. 

Cardioexcitation with transfer of crabs into di- 
lute media can be demonstrated in other hyperre- 
gulating crabs. With the use of a silver electrode 
placed on the carapace in the cardiac region and 
led to a impedence coverter, the heart rate is 
recorded on a physiograph. One can determine 
the heart rate of a freely moving-crab in a shielded 
aquarium over an extended period of time [46]. 
When the heart rate of C. sapidus placed in 100% 
SW is estimated, there is a high rate at the 
beginning of the experiment which decreases to a 
steady rate with time (Fig. 4). When the animal is 
disturbed, as with the changing of the medium, the 
rate rises and then drops to a new steady rate. 
When the medium is changed to a dilute SW 
concentration (15% SW), the new steady heart 


rate is higher than that of the control (100% SW) 
(Fig. 5). Using this procedure, a steady state heart 
rate for a single individual after several transfers in 
SW concentrations can be established. This in- 
crease in heart rate in response to a dilute medium 
is controlled by cardioexcitor hormones of the PO 
and could possibly effect greater osmorgulatory 
activities in the gills. 
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Neuroendocrine substances regulate water and 
sodium movements into the posterior gills of 
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hyperregulating crabs. A ThG water soluble fac- 
tor, presumably a peptide with a molecular weight 
of 800-1000 daltons, decreases water influx while 
an acetone soluble factor increases water influx. A 
PO hormone, dopamine, increases sodium uptake. 
Cyclic AMP is a probable second messenger. 

Gill Na*K* ATPase is an adaptive enzyme in 
osmoregulating crabs. This enzyme is increased 
when crabs are exposed to dilute media, stimulat- 
ing an increase in sodium uptake by the gills. 
Dopamine stimulates increase in gill cAMP and 
Na*K* ATPase and affects the cAMP dependent 
protein kinase in the gill. 

Increased heart rate may also contribute to 
osmoregulation by increasing hemolymph flow 
through the gills. PO cardioexcitor hormones 
increase heart rate in response to the crab’s expo- 
sure to a dilute medium. 

The following neuroendocrine adaptation pro- 
cess in hyperregulation among crabs is suggested. 
As a hyperregulating euryhaline crab ventures into 
estuarine and freshwaters, receptors, found on the 
antennules, perceive changes in the osmotic and 
ionic concentrations of the water. The ThG re- 
leases a water soluble peptide which decreases the 
osmotic influx of water to aid in the maintenance 
of osmotic concentration of the hemolymph. 
Additionally, the PO releases dopamine and car- 
dioexcitor peptides. Dopamine increases sodium 
uptake by the gills by the activation of the cAMP 
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Heart rate of Callinectes sapidus when transferred from 100% to 15% SW. 


Osmoregulation in Crabs 


second messenger system. Na*K* ATPase activ- 
ity is also increased. The cardoexcitor peptides 
increase heart activity and hemolymph circulation 
through the gills which facilitate osmoregulation. 
All of these activities appear to be involved in 
neuroendocrine integration of osmoregulation in 


crabs. 
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Volitage-Gated Membrane Current of Isolated 
Bullfrog Taste Cells 


TAKENoRI MiyAmMoto!, YUKIO OKADA and ToSHIHIDE SATO 


Department of Physiology, Nagasaki University School of Dentistry, 
Nagasaki 852, Japan 


ABSTRACT—The membrane properties of enzymatically isolated bullfrog taste cells were studied 
using the whole-cell patch-clamp technique. Five voltage-dependent ionic currents were observed in the 
bullfrog taste cells: a transient tetrodotoxin (TTX)-sensitive Na* current; a Ca**-activated K* current; 
a transient K~ current; a sustained K* current; and an inward rectifier K* current. The transient 
inward Na* current, Ca°*-activated and transient outward K* currents began to be activated by 
depolarization to —40 to —20 mV from a holding potential more negative than —60 mV, while a novel 
transient outward current was activated by voltage steps to the potential more positive than +40 mV 
from a holding potential of —40 mV in Ca**-free saline. The sustained current was not inactivated at 
least 5 min after onset of voltage shift from —60 to —40 mV. We did not find any Ca** current under 
the condition of the present experiment. The inward rectifier K* current was observed in normal and 
high K~ saline, and the amplitude and the reversal potential for the current seemed to change 
depending upon the external K* concentration. These results suggest that the inward currents 
produced by the inward rectifier K* channel as well as other K* channels contribute to gustatory 
transduction of KCI stimuli into the receptor potential if those channels are located in the receptive 
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membrane. 


INTRODUCTION 


Taste cells are modified lingual epithelial cells 
that are responsible for transduction of chemical 
information on the tongue into electrical signal and 
for transmission of this signal to the gustatory 
nerves. Bullfrog taste cells lie in the taste disc, 
which is a modified form of the mammalian taste 
bud [1]. The taste cell plasma membrane is divided 
by tight junction into an apical surface exposed to 
lingual fluid (receptive membrane) and a baso- 
lateral surface bathed in interstitial fluid (baso- 
lateral membrane) [1, 2]. 

The membrane properties and responsse charac- 
teristics of taste cells to various taste stimuli have 
been examined in detail using conventional in- 
tracellular recording techniques (reviewed in Sato, 
1980 [3]). The resting potential of bullfrog taste 
cells ranged from —20 to —30 mV in the average, 
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and the current-voltage relationship of the cell 
membrane was linear. Action potential has never 
been observed in response to a depolarization 
from the resting potential, although anodal break 
spike potentials have been observed at the cessa- 
tion of strong hyperpolarization [4]. No action 
potentials have been observed in taste cells of 
catfish and mouse by conventional intracellular 
recording method [5], while action potentials 
evoked by both electrical and gustatory stimula- 
tions have been reported in in situ taste cells of 
mudpuppy [6-8]. 

Recently, application of the patch-clamp 
method to amphibian taste cells has resulted in the 
detailed characterization of their membrane cur- 
rents [9-11]. These studies indicate that the taste 
cell has a resting potential (zero-current potential) 
of approximately —60 mV, and a membrane re- 
sistance on the order of 1-2 GQ, and displays 
voltage-dependent currents similar to those of 
neurons. These observations suggest that there are 
significant differences between the membrane 
properties in isolated and in situ taste cells. 
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Little is known about voltage- or tastant-gated 
currents under voltage clamp condition in the 
bullfrog (Rana catesbeiana) taste cells, although 
characteristics of taste cell responses in in situ taste 
organ have extensively been studied using this 
animal [3, 4, 12-16]. In the present experiment, 
we studied the membrane currents evoked by 
electrical stimulation in enzymatically isolated 
bullfrog taste cells using the whole-cell patch- 
clamp technique, and we found one type of Na* 
current and several types of K* currents. The 
results suggest that the membrane properties of 
bullfrog taste cells are very similar to those of 
neurons, and some voltage-dependent channels 
play an important role in taste transduction. 


MATERIALS AND METHODS 


Cell isolation 


Isolated taste cells were obtained from the ton- 
gue surface of decapitated and pithed adult bull- 
frogs (Rana catesbeiana) weighing 325-518 g. The 
fungiform papillae were removed from tongue in 
normal saline (see below). Cells in the papilae 
were dissociated by the same method as described 
before [17]. 


Solutions 


Normal saline solution consisted of (in mM): 
NaCl, 115; KCl, 2.5; CaCh, 1.8; Na-HEPES, 5; 
glucose, 20 (pH 7.2). TTX was added to normal 
saline but Co?*, Ba**t, 4-aminopyridine (4-AP) 
and tetraethylammonium (TEA) were substituted 
for Na* and Ca’t. In Nat-free saline and high 
K* saline solutions, Na* was replaced with N- 
methyl-p-glucamine * (NMDG‘) and K™, respec- 
tively. 

The pipette solution (K-Mg sol.) contained (in 
mM): KCl, 100; MgCl, 2; EGTA, 5; K-HEPES, 5 
(pH 7.2). In later experiments, 2mM Na,ATP 
was added (K-Mg-ATP sol.) to prevent Ca*t 
channel run-down [18]. In some experiments, KCl 
was replaced with CsCl (Cs-Mg-ATP sol.). Pipette 
solution not containing Mg*t and ATP (Ksol.) 
was cometimes used. 


Recording procedure 


Voltage- and current-clamp experiments were 
performed using the standard whole-cell patch- 
clamp technique [19]. Patch pipettes were pulled 
from thick-walled glass capillaries containing a fine 
filament (outer diameter, 1.4 mm; Summit Medic- 
al, Tokyo, Japan) on a two-stage puller (Narishige 
PD-5, Tokyo, Japan). The tips of the electrodes 
were heat-polished with a microforge (Narishige 
MF-83, Tokyo, Japan). The resistance of the 
resulting patch electrodes was 3-10MQ when 
filled with internal solution. In some experiments, 
silicone (Shin-Etsu_ Silicone, KT-16-1000CS, 
Tokyo, Japan) was used to coat the tip of electrode 
to minimize capacitance transients. The recording 
was made from taste cells attached to coverslips at 
the bottom of chamber put on the stage of an 
invertmicroscope (Olympus IMT-2, Tokyo, 
Japan). The recording pipette was positioned with 
a hydraulic micromanipulator (Narishige MO- 
103N-L, Tokyo, Japan). 

Whole-cell current or voltage was measured 
with a patch-clamp amplifier, EPC-7 (List- 
electronics, Darmstadt, FRG). The results were 
low-pass filtered at 1-3 kHz, stored on a magnetic 
tape (Teac R-210A, Tokyo, Japan), and digitized 
with a memory oscilloscope (Nihon Kohden VC- 
10, Tokyo, Japan). Initial sealing of the pipette to 
the cell surface was facilitated by applying weak 
suction (10 cm H,O) after releasing a slight posi- 
tive pressure. After compensating the capacitance 
and adjusting the holding voltage, the patch mem- 
brane was broken by applying strong suction, 
resulting in a sudden increase in capacitance to 5— 
20 pF. The indifferent electrode was a 3%-agar- 
normal saline electrods for most experiments, but 
a 3%-agar-3 M KCl for high K* experiments to 
eliminate changes in the indifferent electrode 
potential. 


RESULTS 


Morphology of taste cells 


The morphology of the bullfrog taste cells has 
been investigated using electronmicroscopy [1, 2], 
and recently by intracellular dye injection [20]. 
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The taste cells which renged from 40 to 70 um 
(61.0+1.5 ~m, n=25) in length were bipolar type 
cells characterized by bifurcated or trifurcated 
branches of a large dendritic process [17]. The 
branches of 10-40 wm (25.4+1.1 em, n=25) in 
length and about 2 «m in diameter were connected 
with each other by a thin membranous structure. 
The taste cells had ellipsoidal cell bodies, ranged 
from 5 to 12 «m (8.5+0.3 wm, n=25) in diameter. 
Opposite the dendritic processes, some cells gave 
rise to irregular stumpy processes of 2-5 um in 
length and 2 wm in diameter. Typical cells aver- 
aged two stumpy processes, having a knob-like 
structure at the tip portion. All the taste cells 
studied here were identified on the basis of those 
characteristic features. 

We observed at least three types of cells other 
than typical taste cells in the taste disc. A few 
bipolar cells lacking dendritic branches were en- 
countered when vigorous trituration was _per- 
formed to dissociate cells from taste discs. The size 
of the cell was approximately the same as that of 
the taste cell. The cell with vigorously beating cilia 


was observed. There were many round cells 
ranging from 5 to 20 ~m in diameter [17]. We 
frequently observed that the tip of taste cell de- 
ndrite was attached to the surface of rund cells. 


Whole-cell recording 


Within a few minutes after obtaining the whole- 
cell configuration with K-Mg solution in the pipet- 
te, the zero-current potential shifted from an initial 
value of —59+2 mV (n=34) to —75+1 mV (n= 
26). Membrane resistance, which was measured 
by applying —10 mV voltage steps from a holding 
potential of —65 mV, varied with enzyme concen- 
tration employed for cell dissociation. The higher 
the concentration of enzyme, the lower the mem- 
brane resistance, but the easier gigaohm seal was 
obtained. At a low concentration of enzyme taste 
disc cells were not dissociated easily. Eventually, 
we used an appropriate concentration of enzyme 
which gave good dissociation and seals. The 
isolated taste cells had a membrane resistance of 
1.6+0.3 GQ (n=26) and a membrane capacitance 
of 15+1 pF (n=26) with a K-Mg pipette solution, 


Cc 
1 @ 3 4 
——, ta / 
-83— — -79—— —_—- - 76 N— -s0— —— 
(mv) Rega 
= = — pa el Ss oe eT eo 0.5nA 
40ms 
control 1.8 mM Co?* 0.6 uM TTX recovery 


Fic. 1. Typical responses of a dissociated taste cell to electrical stimulation. A, voltage-clamp records. The taste cell 
was stimulated by 40 ms-voltage steps between —60 and 60 mV in 20 mV increment from a holding potential of 
—80 mV. B, I-V relationships of the peak inward current (©) and the peak (@) and steady state (A) outward 
currents from the same cell in A. Holding potential was —80 mV, and the pipette contained K-Mg-sol. C, 
voltage responses (upper traces) of another cell to depolarizing current injections (lower traces). The falling 
phase of the action potential was slower in 1.8 mM Co** saline (C2) than in normal saline (C1), but the amplitude 
was not affected. The action potential was completely blocked by addition of 0.6 ~M TTX (C3). Effects of the 
drugs were fully reversible as shown in reappearance of action potential in normal saline (C4). 
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whenever seal resistances greater than 10 G2 were 
obtained. 

When K™ in the pipette solution was replaced 
with 100 mM Cs* (Cs-Mg-ATP sol.), the mem- 
brane resistance increased significantly (11.6+1.8 
GQ, n=16). Most of the taste cells responded to 
depolarizing voltage steps from a holding potential 
of —80 mV with an initial transient inward current 
followed by a delayed outward current (Fig. 1A, 
B). Under current clamp, these cells generated a 
single action potential in response to depolarizing 
current injection (Fig. 1C). Repetive spike poten- 
tials were never generated even after an injection 
of long depolarizing current. Three types of taste 
cells were distinguished on the basis of the ratio of 
inward to outward current magnitudes. The first 
type generated a large inward current with a 
maximum peak value of more than 1 nA, followed 
by a relatively small outward current. The second 
type showed intermediate inward and outward 
currents. The third type generated small or no 
inward current followed by a large outward cur- 
rent. The first and second type of taste cells 
discharged a single action potential in response to 
depolarizing current injection, but the third type of 


the cell was inexcitable in normal saline [17]. All 
analyses of currents described below were 
obtained from the second cell type. 


Na™* current 


When K™ in the pipette solution was replaced 
with Cs*, nearly all outward current was blocked 
and only a transient inward current remained (Fig. 
2A, B). The inward current was completely eli- 
minated when NMDG*~ was substituted for Na* 
in the bathing solution (Fig.2C). The action 
potential (Fig. 1C) and the corresponding early 
inward current (Fig. 2D) were completely blocked 
by 0.6 4M TTX in the bathing solution. The 
threshold of inward current activation was —30 to 
—20mV at holding potential of approximately 
—60 mV (Figs. 2B, 4B). 

Figure 3A shows a steady state inactivation 
curve for the transient inward current. The nor- 
malized peak currents generated by voltage steps 
to —15 mV from different holding potentials (see 
inset) are plotted against the holding potentials. 
Half the maximal inactivation occurred at —52+4 
mV (n=3), and the inward current was completely 
inactivated between —40 and —20 mV. Figure 3B 
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Na’ current. A, transient inward currents evoked in a taste cell recorded after removal of outward currents 


by substitution of Cs* for K* in the pipette. The taste cell was stimulated by 40 ms-voltage steps between — 40 
and 80 mV in 20 mV increment from a holding potential of —60 mV. B, I-V relationship for peak inward current 
from the same cell in A. Holding potential was —60 mV. C, effect of removal of Na* on the inward current of 
another taste cell. Superimposed recording of responses to depolarizing voltage steps to —20 mV from a holding 
potential of —60 mV in normal saline and Na‘ -free saline. D, effect of TTX on the inward current of a third taste 
cell. Superimposed recording of responses to depolarizing voltage steps to 0 mV from a holding potential of —60 
mV before and after addition of 0.6 uM TTX. The pipette contained K-Mg-ATP sol. in C and D. 


Membrane Current of Frog Taste Cell 839 
A B 
1.0- O—-O—-O 1.0 0 9-0-0-0-0— 
30 
e © Lh 
3 3 pe 
a re) 5 . f- 
E « 
- v Le} 

® 0.5 | OS NG e 0.5 Belduhie 
3 5 VOtmy 3 3 -65mV 
E = 
5 ° 
2 z 


\ 
0 
-100 -80 -60 -40 -20 
Holding potential (mV) 


Fic. 3. 


i?) 10 20 30 40 
Pulse interval (ms) 


Inactivation and its recovery of the Na* current. A, a steady state inactivation curve for the Na* current. 


Half inactivation was at —57 mV and complete inactivation occurred at —40 mV in this taste cell. B, recovery 
from inactivation of Na~ current in the same cell in A. The recovery time constant was 12.5 ms in this taste cell. 


The pipette contained Cs-Mg-ATP sol. 


Fic. 4. Effects of Co** on inward and outward currents. A, inhibitory effect of Co?* on voltage-dependent 
currents. The I-V relationships show peak inward (©, A) and steady state outward (@, 4) currents in normal 
saline (©, @) and saline containing 10 mM Co?* (A, A) in the bath. Holding potential was —65 mV, and the 
pipette contained K-Mg-ATP sol. B, complete blocking of Na* and K* currents in another taste cell. The I-V 
relationships show a peak inward current (©, 4), and a transient (4) and a steady state (@) outward current 
before (©, @) and during (A, 4) perfusion with saline containing 77 mM Ba** substituted for Na* and K* (high 
Ba*~ saline). Currents records during perfusion with high Ba** saline are shown as inset. Holding potential was 


—65 mV. 


represents the recovery of inactivated inward cur- 
rent when a pair of 10 msec (ms) voltage steps 
from —65 to —15 mV (see inset) was applied at 
various intervals. The recovery time constant from 
inactivation was 9.7+2.1 ms (n=3). All these 
properties suggest that the early inward current 
passes through TTX-sensitive, voltage-gated Na~ 
channels. 


Lack of Ca** current 


The presence of Ca** current in a bullfrog taste 


cell has been inferred from the results of intracellu- 
lar recordings [4]. When 10 mM Co?* was added 
to the bath, inward and outward currents were 
suppressed (Fig. 4A). The decrease in peak in- 
ward current may have been partially due to the 
reduction in concentration of Na* since 10 mM 
Co** was substituted for Na*. Substitution of 1.8 
mM Co** for Ca?* altered the threshold and time 
course of the action potential, but did not change 
its amplitude (Fig. 1C). To maximize any voltage- 
dependent Ca** currents, both K* and Na* cur- 
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rents were blocked by using the Cs-Mg-ATP solu- 
tion in the pipette and replacing Na* with an 
equivalent amount of Ba** in the bathing solution 
(Fig. 4B). Nearly all the K* outward currents 
were blocked by the Cs-Mg-ATP solution (A), 
and the Na“ inward currents (©) were completely 
blocked by perfusion with high Ba** saline (@). In 
Fig. 4B, a small transient outward current (arrow 
in the inset and A) appeared with voltage steps to 
potential positive to —S mV. This current might 
be carried by Na* through Na~ channels since the 
pipette solution containind 12 mM Na*. No con- 
vincing evidence for voltage-dependent Ca** cur- 
rents was obtained in bullfrog taste cells under the 
condition of the present experiment. 


K* current 


The outward current was carried by K* through 
K~* channels because it was blocked by high Cs* in 
the pipette and high Ba’* in the bath (Fig. 4B). 
The outward current was suppressed by 1-10 mM 
4-AP, but was not by 20 mM TEA. Poor sensitiv- 
ity of K* currents to TEA also has been reported 
in another species of frog, R. ridibunda [9]. The 
magnitude, time course and sensitivity to drugs of 
the outward currents varied from cell to cell. 15% 
of the taste cells examined produced only a small 
outward current, preceded by a large transient 
inward current in response to a voltage step to 20 
mV from a holding potential of —65 mV [17]. 


1) Ca**-dependent K* current 


The amplitudes of the outwasrd currents were 
also suppressed by 10 mM Co** (Fig. 4A) over the 
entire voltage range of activation. However, it was 
not clear whether or not the threshold of activation 
changed during the suppression. Suppression of the 
outward K* current was also observed when Ca*t 
was removed from the bathing solution (Fig. 5). In 
Figs. SA and B, currents to depolarizing voltage 
steps were evoked in normal (A), and Na*-free 
and Ca**-free saline solution (B), respectively. 
The difference between currents in A and B 1s 
shown in Fig.5C. In Fig.5D, the difference 
between outward currents alone in A and B 1s 
plotted against command voltages from a holding 
potential of —60 mV. It is seen that the residual 
outward currents were strongly activated at the 
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° 
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Membrane potential (mV) 

Fic. 5. An evidence of Ca*t-dependent K* current. 
A, currents evoked by 40 ms-voltage steps between 
—40 and 80 mV in 20 mV increment from a holding 
potential of —60 mV in normal saline. B, currents 
of the same cell in A in Ca**t-free and Na‘-free 
saline. C, difference of currents between A and B. 
D, difference between the outward currents in nor- 
mal saline, and Ca**-free and Na‘-free saline is 
plotted against the membrane potential. The cur- 
rent difference was measured 15 ms after onset of 
voltage steps (an arrow in C). The pipette contained 
K-Mg sol. 


range from —20 to 60mV and had a peak at 
approximately 50 mV. Similar current difference 
was found by adding 1.8 mM Co** to the bath (not 
shown). Therefore these current differences are 
due to Ca**-dependent K* currents. 


2) Transient K* current 


Outward K* currents were divided into two 
components by difference of time course: a tran- 
sient component and a sustained component (Figs. 
1, 5). These two components appeared even in a 
Ca’*-free saline solution (Fig. 5B). Figure 6A 
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Fic. 6. Transient outward K~* current activated after 
strong hyperpolarization. A, recordings of transient 
outward currents induced after 40 ms-hyperpolari- 
zing conditioning pulses between —20 and —120 
mV in 10 mV increment. B, steady-state inactiva- 
tion curve for the outward current from the same 
cell in A. Peak currents were plotted against 
conditioning pulses after subtraction of leakage and 
capacitive transient currents. Holding potential was 
0 mV, and the pipette contained K-Mg sol. 


shows outward currents which were activated tran- 
siently by voltage steps to 0 mV when the voltage 
steps were preceded by strong hyperpolarizing 
conditioning pulses. More than 90% of the tran- 
sient outward currents was inactivated at poten- 
tials positive to —40 mV (Fig. 6B). The activation 
of transient outward currents started at the poten- 
tials between —40 and —20 mV when the holding 
potential was —60 mV. The transient outward 
currents were reduced in high K* (52.5 mM) 
saline solution. 

Even when the holding potential was more 
positive than —40 mV, the transient component of 
outward currents was still activated. An example 
is shown in Fig. 7 where the taste cell was bathed 


A B 


10 ms 


Fic. 7. Transient and sustained components of Ca**- 
independent outward currents. A, outward currents 
induced by 30 ms-voltage steps between —60 and 80 
mV in 20 mV increment from a holding potential of 
—40 mV. B, outward currents induced by 1 s- 
voltage steps between —60 and 80mV in 20mV 
increment from a holding potential of —40 mV from 
the same cell in A. C, I-V relationships of transient 
(©) and sustained (@) components of outward cur- 
rents obtained from the same recording in B. Hold- 
ing potential was —40mV. The bathing solution 
was a Na‘*-free saline solution containing 2mM 
Co** and the pipette solution contained K-Mg sol. 


in a Na*-free solution containing 2mM Co**. 
Because this concentration of Co** seems to block 
Ca**-dependent K* current completely, the out- 
ward currents shown in Fig. 7 would not contain 
Ca**-dependent K* currents. Recordings obtain- 
ed from the same cell in different time scales are 
shown in Fig. 7A and B. The transient outward 
current (© in Fig. 7C) was greatly activated by 
voltage steps to potentials more positive than 40 
mV from a holding potential of —40 mV. 


3) Sustained K* current 


When the membrane potential was held at —40 
mV, both transient and sustained components of 
outward currents evoked by voltage steps between 
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Fic. 8. Evidence for inward rectifier currents. 


20 mV 


control 


-100 


50 mM K* 


A, currents induced by 400 ms-depolarizing and hyperpolarizing 


voltage steps between —20 and — 160 mV from a holding potential of —60 mV in normal saline. B, steady state 
I-V relationships of inward currents obtained from the same cell in A in normal saline. Steady state inward 
currents were measured immediately before the end of voltage steps. C, inward rectifier currents evoked by the 
falling phase of voltage ramps, in which the membrane potential was changed from 20 to —160 mV at a constant 
rate of 0.1 V/s, in normal saline (control) and saline containing 50 mM K~ substituted for Na* (50 mM K*). 
The recording was obtained from a different cell. D, suppression of the inward rectifier current evoked by the 
voltage ramp in 50 mM K*™ saline (50 mM K*) by 1mM Cs* (1 mM Cs*+50mM K*). The recording was 
obtained from the same cell in C. The pipette contained K sol. The bathing solutions contained 1 ~M TTX. 


—40 and 20mV_ were markedly reduced. 
Although the transient component was inactivated 
within 200 ms, the sustained component was not 
inactivated at all even 1 sec(s) after onset of vol- 
tage steps (Fig. 7B). The inactivation of the sus- 
tained current was not seen at least 5 min after the 
holding potential was shifted from —60 to —40 
mV. The amplitude of the sustained outward 
currents peaked at 40 mV (@ in Fig. 7C). 


4) Inward-rectifier K* current 


Figure 8A shows inward rectifier K* current 
induced by depolarizing and hyperporarizing vol- 
tage steps from a holding potential of —60 mV in 
normal saline. Figure 8B shows steady state I-V 
relationship obtained from the same recordings in 
A. Hyperpolarization-induced sustained inward 
current in the bullfrog taste cell in normal saline 
remarkable appeared at the potentials more nega- 
tive than —100 mV close value to the equilibrium 
potential of K* (—93mM). Figure 8C shows 
inward rectifier currents in normal saline (control) 
and in saline containing 50 mM K* (50 mM K‘*). 


The inward currents were evoked by the falling 
phase of a voltage ramp in which the membrane 
potential was changed form 20 to —160 mV at a 
constant rate of 0.1 V/s. In 50mM K‘™ saline, a 
larger inward current was induced even at poten- 
tials nuch more positive than —100mV. This 
current was markedly suppressed by 1 mM Cs*, a 
potent blocker of the inward rectifier K* channel 
[21], added to the bathing solution (1 mM Cs* + 
50mM K”, Fig. 8D). In Fig. 8C, the reversal 
potential in normal saline is seemingly the same as 
that in 50 mM K*® saline. This is probably due to 
simultaneous activation of the sustained K* cur- 
rent. These results suggest that the inward rectifier 
currents evoked by hyperpolarizing voltage steps 
or voltage ramp were primarily carried by K~. 


DISCUSSION 


We have established a dissociation method for 
bullfrog taste cells and demonstrated that taste 
cells are identifiable by their characteristic mor- 
phology. Taste cells typically have, on their apical 
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ends, three dendritic branches, which are con- 
nected to each other by a thin membranous struc- 
ture. The morphology of the isolated cells is 
consistent with that reported in previous ultras- 
tructural studies [1, 2], and in recent work with the 
dye injection in our laboratory [20]. We observed 
bipolar cells without dendritic branches of the 
apical process after vigorous trituration during 
dissociation process. The electrophysiological 
properties of these cells were approximately the 
same as those of taste cells. Thus, we concluded 
that the bipolar cells without dendritic branches 
observed in the bullfrog in the present experiment 
probably are taste cells which have lost branches of 
the apical process during dissociation. 

A single action potential was observed in 85% of 
the bullfrog frog taste cells in response to depolar- 
ization of 20 mV from the resting potential (—75 
mV in average) [17]. This suggests that bullfrog 
taste cells should be able to generate action poten- 
tials in situ, if their resting potentials are as large as 
those in isolated cells. However, in situ taste cells 
in the bullfrog usually have resting potentials be- 
tween —20 and —30 mV in the average and do not 
discharge action potentials when the tongue sur- 
face is adapted to normal saline [3, 12, 14, 15, 22], 
whereas in situ taste cells of mudpuppy produced 
action potentials with large resting potentials [6- 
8]. Recently Sata & Sato (1988) [20] found dye- 
coupling between supporting cells and some taste 
cells. In general, supporting cells within the taste 
dise [3, 13, 22] or epithelial cells surrounding the 
taste buds [7, 11] have low resting potentials. 
However, in the catfish [23] and the mudpuppy 
[24], taste buds cells were not dye-coupled to 
epithelial cells surrounding the taste buds. Thus, it 
is possible that the resting potentials of frog taste 
cells which are electrically coupled to supporting 
cells are significantly lower than those of isolated 
taste cells. Consequently, these cells might be 
unable to generate any action potential in situ 
because most of the voltage-dependent Na~* chan- 
nels are inactivated at the resting potential in situ 
(Fig. 3A). 

We have never observed repetitive spike genera- 
tion in isolated taste cells even with a long-lasting 
depolarization. This result is similar to that 
obtained from the taste cells in another species of 


the frog, R. ridibunda but different from that 
obtained from the taste cells in tiger salamander 
[11]. In the tiger salamander taste cells, a train of 
2-5 action potentials was observed in response to 
sustained depolarizing currents [11]. The differ- 
ence may be partially attributed to difference in 
the recovery time from inactivation of the Na* 
current [9, 11]. In fact, the time constant of 
recovery of Na* currents in the bullfrog taste cell 
(Fig. 3B) was twice as longer as that in the bullfrog 
sciatic nerve [21]. 

We could not find any voltage-dependent Ca** 
current in the bullfrog taste cells (Fig. 4B) 
although there is an indication of the presence of 
Ca**-dependent K* channel (Fig. 5). With the 
intracellular recording method, it has been re- 
ported that anodal break action potentials were 
suppressed by 10 mM Co** [4]. We also observed 
suppression of a transient inward current by 10 
mM Co** (Fig. 4A). However, 1.8mM Co** 
raised the threshold for the inward current without 
reduction of the amplitude (Fig. 1C). In addition, 
10mM Co** inhibited the steady state K* out- 
ward current over the whole range of activation so 
that the I-V relation curve shifted in depolarizing 
direction as a whole (Fig. 4A). In R. ridibunda, 5 
mM Ni** showed a similar effect, which was 
attributed to a screening effect of negative surface 
charges [9]. Since there are synaptic connections 
between taste cells and gustatory nerve fibres [1, 
2], Ca** influx activated by cell depolarization is 
presumed to exist. However, we could not detect 
it under our recording condition probably due to 
the samll amplitude or the rapid run-down of Ca’* 
currents. 

Ordinary K* currents other than Ca**- 
dependent K* currents which contribute to gener- 
ating of outward currents were classified into two 
components: a transient component and a sus- 
tained component. Most of the transient currents 
by depolarizing voltage steps were inactivated by 
preceding conditioning pulses positive to —40 mV, 
and the activation started at the same potential 
range as the threshold of TTX-sensitive Na™ cur- 
rents (Fig. 6). These properties suggest that the 
transient component of outward currents is a type 
of A currents [21]. However, when the membrane 
potential of the taste cell was held at —40 mV, the 
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transient currents were still activated by strong 
depolarizing voltage steps to potentials more posi- 
tive than 40 mV (Fig. 7), but greatly reduced at the 
range of —40 to 20 mV where both components of 
outward currents were certainly activated when 
the membrane potential was held at potentials 
negative to —60 mV (Fig.4A). Therefore, it 
remains undetermined whether or not the tran- 
sient K* currents activated by depolarizing voltage 
steps following strong hyperpolarizing condition- 
ing pulses are the same as those activated by strong 
depolarizing voltage steps from holding potentials 
positive to the resting membrane potential. 

A sustained component of outward currents was 
observed following inactivation of the transient 
component within 200 ms after onset of voltage 
steps. This current was obtained even when the 
membrane potential was held at —40 mV (Fig. 7). 
These properties are consistent with those of a 
delayed rectifier K* current. The sustained KT 
current in bullfrog taste cells was not inactivated at 
least 5 min after voltage shift from —60 to —40 
mV, resulting in a continuous decrease of mem- 
brane resistance. This may be another reason why 
repetitive spike generation is never evoked in 
isolated bullfrog taste cells. Since the amplitude of 
the sustained outward current peaked at 40 mV 
(Fig. 7C), the current component is distinguished 
from membrane leakage current. 

We were unable to discriminate the trasient 
component from the sustained component phar- 
macologically because both components were 
blocked by 1-10 mM 4-AP but not blocked by 20 
mM TEA. In addition, the amplitude and the time 
course of outward currents displayed a great di- 
versity from taste cell to taste cell. Recently, it has 
been suggested in mammalian brain that there are 
several K* channel forming proteins which derive 
from a family of genes but have different function- 
al properties, and that the diversity of voltage- 
gated K” channels depends on degree of assembly 
of those K* channel forming proteins to K* 
channels [25]. Similar mechanism may underlie 
the diversity of K* channel properties in bullfrog 
taste cells. It this is the case, it probably is difficult 
to divide K* channels into subtypes with pharma- 
cological or electrophysiological method. 

In this experiment, an inward rectifier current 


was observed in normal and high K™ saline (Fig. 
8). Our results indicate that the amplitude of 
inward rectifier current and the reversal potential 
seemed to change depending upon the external K* 
concentration, and the currents were marked- 
ly reduced by Cs*, a potent blocker of inward 
rectifier K* channel. Therefore, we concluded 
that inward-rectifier K* channels exist in bullfrog 
taste cells, while they have not been reported in 
taste cells of another species of the frog, R. 
ridibunda {9}. 

This type of channel has also been reported in 
the mudpuppy taste cells [10], as well as the other 
sensory cells [26, 27]. Inward rectifier channels 
seem to play a particularly important role in the 
taste cell. The apical surface of the taste cell is 
exposed to somewhat variable conditions, such as 
a high concentration of salts and tap water. When 
various hypotonic solutions are applied to the 
apical surface of taste cells, the inward rectifier 
channels could prevent the taste cell from exces- 
sive hyperpolarization. This results in holding an 
appropriate range of the membrane potential to 
maintain sensitivity of taste cells. Furthermore, 
these channels could increase the sentitivity of the 
taste cell to low concentrations of potassium salt 
stimuli because the I-V relationship shifts depend- 
ing on the external K* concentration [21]. 

Thus, if the inward rectifier K* channels locate 
in the receptive membrane of the taste cells, the 
inward current produced by the inward rectifier 
K* channel as well as other K* channels can 
contribute to gestatory transduction of KCl stimuli 
into the receptor potential as suggested in mud- 
puppy taste cells [28]. 
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Practical Nonlinear Analysis Using Pseudo-Random 
Impulse Train Inputs: A Case Study of 
the Crayfish Brain Responses 


YOSHIO WATANABE 


Division of Functional Neurobiology, Center for Neurobiology and 
Molecular Immunology, School of Medicine, 
Chiba University, Chiba 280, Japan 


ABSTRACT—This paper outlines an extension of the Krausz method for nonlinear system identifica- 
tion in which the Poisson random impulse trains are used as the test inputs and the system is described by 
the Volterra functional expansion. The extension concerns improvement of accuracy in the nonlinear 
system identification that the test inputs are not perfectly random, in other words, their spectra are 
non-white. A formula for the improvement of the system kernels in the functional expansion are given 
under such input condition. This approach is illustrated and evaluated with analyses of the responses in 
the crayfish brain activated by the pseudo-random impulse train stimuli. When the input spectral 
property was apparently deviated from white, the accuracy of the system identification was efficiently 
improved through the present procedure. Even if the input impulse trains are not perfectly random, 
they can be used as the test inputs in order to identify nonlinear systems through the simple extension of 
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the Krusz method. 


INTRODUCTION 


White noise analysis has recently been a power- 
ful tool for investigation of information processing 
in living neuron networks. In the Lee-Schetzen 
method for identification of non-linear systems, 
the Wiener kernels for the functional expansion 
can be evaluated by the multiple cross-correlations 
between “the white and Gaussian noise input” and 
the resultant system output [1]. In another 
approach of nonlinear system identification, 
Krausz has derived a similar method in which the 
Volterra kernels are obtained from the multiple 
cross-correlations between “the Poisson random 
impulse train input” and the resultant system out- 
put, because the ideal Poisson process is the white 
noise {2]._ The Poisson random impulse train 
inputs have been practically used in the linear and 
nonlinear analyses of the nerve signal transimis- 
sions in the crayfish brain [3-5]. If we are released 
from the strict condition that the test inputs must 
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be the white noise in the Krausz method, spon- 
taneous spike trains which are observed in some 
central nervous system and not so perfectly ran- 
dom could be employed as the test inputs for 
nonlinear analyses of neuron networks in it. 

An extension of the Wiener filter for linear 
system identification to nonlinear system analysis 
had been investigated first by Tick [6]. This 
approach brings about the same result as the 
extension of the Lee-Schetzen method using the 
Gaussian white noise inputs to the use of the 
Gaussian non-white inputs in identification of non- 
linear systems. Several authors have described 
almost same approaches as the Tick’s one [7-10]. 
In this study, an extension of the Krausz method to 
the use of non-white inputs was tried with the 
pseudo-random impulse train inputs in the analysis 
of the nerve spike train transmissions in the 
crayfish brain. 


MATERIAL AND METHODS 


The experimental date used in the present com- 
putations were mainly gathered in the brain (cere- 
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bral ganglion) and partly in the abdominal gang- 
lion of the crayfish (Procambarus clarkii). The 
stimuli to the brain were applied to the nerve 
bundle in the optic peduncle. At the same time, 
the nerve spike trains of the brain outputs were 
recorded extracellularly from the large descending 
axons in the circumesophageal connective and 
intracellularly in the brain [4, 5, 11]. The input- 
output data of the abdominal ganglion cells were 
obtained by stimulation of axon bundles in the 
interganglionic connective and extracellular re- 
cording from the axons in the ganglionic roots. 
The nerve cells in which the experimental data 
were obtained were named by means of alpha- 
numeric specification (Table 1). The alphabet in 
each cell name indicates whether the cell is in the 
brain (B-) or in the abdominal ganglion (A-). The 
stimuli were generated with a random pulse gener- 
ator [3], then the pulse trains which had various 
degree of “non-white” spectral properties were 
picked up for the present purpose (Fig. 1 and 
ables): 


Theory 


In the Krausz method that the Poisson random 
impulse train input is used as the test input x(f), the 
system output y(t) is given by 


Wi) = Ggak Gar Garr sess: (1) 
using the functionals 
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where /g is the mean value of y(t), and h, and hy 
are the first and second order system kernels, 
respectively. The n-th order system kernel can be 
obtained by the multiple cross-correlation 
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where A is the mean rate of the input impulses and 
EH} | indicates the expectation of the content 


in the brackest [2, 5]. 

The extension of the Wiener filter theory to the 
nonlinear system identification, or the extension of 
the Lee-Schetzen method to the use of the non- 
white Gaussian input, has been given in the fre- 
quency domain by several authors [6-10]. 
Although the test input must be Gaussian and 
white in the Lee-Schetzen method, only Gaussian- 
ity of it is necessary in the extended method. The 
bases of this extension are that the odd-order 
moments of the Gaussian process always vanish [9] 
and that the even-order moments of it are decom- 
posed into the product of its second order moment 
[12]. 

The higher order moments of the Poisson pro- 
cess can be also decomposed into the product of 
the second order moment of it [2]. Therefore, it is 
considered that, when the spectrum of the input is 
non-white and also not so far from white, the same 
procedure as the Gaussian input case can be used 
in order to improve the accuracy in nonlinear 
system identification by the Krausz method, as 
approximation. In this study, the improvement of 
the system kernels was performed in the time 
domain by the reasons mentioned in the discus- 
sion. The time domain version of the extension is 
given as follows 


co 
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where ¢,, is the n-th order cross-correlation func- 
tion between the input and the output, h,, is the 
improved n-th order system kernel and ¢,, the 
auto-correlation function of the input. 


Computation 


Signal intensity was set to be 1 in a bin (10 msec 
width) where the nerve impulse (or the stimulus 
pulse) was present and, otherwise, to be 0. First, 
the unimproved Volterra kernels up to the third 
order were calculated with the equation-(3) and 
the improved kernels of the same orders were 
derived with the equation-(4). The computation 
with the original Krausz method was described 
detailedly in the previous paper [5]. The equation- 
(4) can be transformed by discretization into a 
system of linear algebraic equations, whose coef- 
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ficients construct the n-fold block Toeplitz matrix. 
Several methods were tried in order to solve the 
systems of the linear equations corresponding to 
the present input-output data. These systems of 
the linear equations can be solved by use of the 
regular structure of the nested block Toeplitz 
matrix and also any of the usual iterative methods 
[13, 14]. 

Next, the unimproved model output z(t) and the 
improved one 2(f) were computed respectively 
with the eugations-(1) and -(2) from each input- 
output pair used in the above kernel computation. 
Then the both model outputs were compared with 
the output of the same pair, i.e. the brain output 
impulse train (Fig.3). Last of all, the MSE (mean 
square error) between the unimproved model out- 
put z(f) and the brain output y(/) 


e=E }(y(t)—2(0))*| (6) 


and the MSE between the improved model output 
and the same brain output as used above 


é=E |(y(t)—2())" (7) 
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were calculated. E | | denotes time average. 
Then improvement of the model output was evalu- 
ated by percentage of (e—€) in ¢ for each input- 
output pair. The power spectra of the test inputs 
were calculated from the normalized auto- 
correlation functions of them through the Fourier 
transform. And the deviation of each input spec- 
trum was evaluated also by means of the MSE 
between it and the spectrum of the white noise of 
unit power (Fig. 1). 

Computations in this work had been begun with 
a mini-computor HITAC 10-II and were carried 
out on several personal computors (Hitachi B-16/ 
B-32 series and others). 


RESULTS 


The input power spectra of the input-output 
data used in this study are not flat, in other words, 
non-white at a glance; but their deviations are not 
so large as over +3 db (Fig. 1). Accordingly, it 
seems that these input-output data are suitable to 
improve the system kernels with the present exten- 
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Fic. 1. 


Power spectra of the random pulse trains used as the test inputs for identification of the impulse signal 


transfer systems in the crayfish central nervous systems. The broken line in each graph of the spectrum indicates 


the unit power level of the white noise. 
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sion of the Krausz method, i.e. the equation-(4). 
The MSEs of the deviations of the input spectra, 
the MSEs of the abrrations of the model outputs 
which are calculated with the system kernels up to 
the second orderd and up to the third order and 
the perentages of the model output improvement 
are given in Table 1. The MSE of the third order 
model was usually smaller than the MSE of the 
second order one for each input-output pair in 
both unimproved and improved cases. And the 
improvement percentage of the third order model 
was mostly larger than the second order one and 
had a tendency to increase depending upon aug- 
mentation of the deviation of the input power 
spectrum (Fig. 2). 

The upper half of Fig.3 illustrates the third 
order model outputs before (a) and after (b) 
kernel improvement for the data of the B04-cell, in 
which relatively large improvement, 9.76%, is 
obtained. Some large aberrations could be recog- 
nized at several places in the unimproved model 
output (Fig. 3a) and they decreased noticeabley in 
the improved one (Fig. 3b). The lower half of Fig. 
3 shows the effect of improvement of the kernels 
up to the third order for the data of the B03-cell. 
In this case, the MSE of the third order model was 
extremely small, the percentage of improvement 
was also small, 2.56%, and the large aberrations 
could not be discriminated over the whole range of 
the model outputs before (Fig. 3c) and after (Fig. 
3d) improvement of the system kernels. 


45 


40 


0.5 1.0 1.5 2.0 
aberration of input spectra (MSE) 


improvement of model outputs (%) 


= 5 


= 720) 


Fic. 2. Relationship between the deviations (MSEs) of 
the test input spectra from the unit power level of 
the white noise and the improvements (%) of the 
model outputs of the second order (open marks) and 
the third order (filled marks) for the responses of the 
brain cells (circles) and the abdominal ganglion cells 
(squares) (see Table 1). 


TABLE 1. The MSEs of the deviations of the input power spectra, the MSEs of the aberrations in the 


unimproved and improved model outputs of the second order and the third order and the 
improvement percentages of the model outputs. Asterisks indicate the exceptional cases (see Fig. 
4). Units of the MSEs are not comparable between the inputs and the model outputs. 


MSEs of MSEs of 2nd order outputs improvement MSEs of 3rd order outputs improvement 


oa input SS Wil ie! ye i Or ee 
aoe oe spectra unimproved improved outputs (%) unimproved improved outputs (%) 
B03 0.49 19.87 IT) 0.40 9.00 oH I 2.65 
B39 0.87 29.65 28.73 3.10 21.42 20.63 3.69 
B38 1.01 30.42 29.81 2.01 24.70 23.40 5.26 
Al3 1.03 26.93 25.38 Salo 14.83 13%37/ 9.84 
ASO 1.04 18.14 Wodls) 5.46* 11.45 13.49 7/5" 
B40 1.19 2519 24.13 4.20 (5), 7/1 13.63 13.24 
B02 1.45 28.80 26.36 8.47* 38.73 21.67 44 .05* 
B04 1.50 23.87 22.62 5.24 11.67 10.53 9.76 
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Fic. 3. Comparisons between the unimproved model output (a) and the improved one (b) for the response of the 
B04-cell and between the unimproved (c) and improved model outputs for the response of the B03-cell. In each 
record, lower solid trace represents the stimulus pulse train, the upper dotted trace represents the brain output 
impulse train and the upper solid trace shows the model outputs calculated with the unimproved (a and c) and 
improved (b and d) kernels up to the third order. Horizontal scale: 200 msec. Vertical scale: Unit impulse height 


(inapplicable to stimuli). 


The two exceptional cases were observed in the 
present study (asterisks in Table 1). For the B02- 
cell, the MSE of the unimproved third order model 
output was larger than the MSE of the unimproved 
second order one, but the MSE of the third order 
model output drastically decreased after improve- 
ment of the third order system kernel (Table 1, 
and Fig. 4a, 4b). It may be noticed that the data of 
the BO2-cell has been obtained in the brain im- 
mediately after application and removal of picroto- 
xin (107° M). 

The exception of another type occurred in an 
abdominal ganglion cell (ASO); the improvement 
of the third order kernel caused remarkable de- 
terioration of the model output (Table 1, and Fig. 
4c, 4d). In this case, the MSE of the second order 
model output was very small beforehand with 
construction of the third order one (Table 1). It 


was difficult to predict the behaviours of the third 
order model outputs from the features of the 
second order models in these exceptional cases. 

Generally speaking, it can be concluded the 
larger the deviation of the input power spectrum, 
the more the model output of any order is im- 
proved (Fig. 2). 


DISCUSSION 


Although the equation for the extension of the 
Wiener filter to the nonlinear case can be derived 
in the time domain, most authors have given the 
equation .in the frequency domain [7-9]. 
should naturally consider that it can be solved 


They 


practically by use of the fast Fourier transform. 
However, the latest author has pointed out that 
the computations of the high-order spectral density 
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Fic. 4. The exceptional cases that the drastic changes occurred in the model outputs after improvement of the third 
order system kernels, shown by asterisks in Table 1. The model outputs before (a) and after (b) improvement of 
the system kernels up to the third order for the response of the B02-cell. The model outputs before (c) and after 
(d) improvement of the system kernels up to the third order for the response of the A50-cell. Horizontal scale: 


200 msec. Vertical scale: Unit impulse height. 


functions are usually very expensive and time- 
consuming [10]. In addition, moving average 
techniques as the data window and the spectral 
window are indispensable for stable computation 
of the frequency domain version of the equation- 
(4) by use of the discrete data time series and the 
discrete Fourier transform [8]. Consequently, very 
high sampling rate must be employed in order to 
reproduce sharply each impulse in the model out- 
put after application of such moving average tech- 
niques. Therefore, the processing of very large 
number of the data points is not avoidable in 
identification of the impulse output nonlinear sys- 
tems in the frequency domain. However the 
Krausz method can be used without any moving 
average techniques in order to identify the impulse 
input-output nonlinear systems [5]. Thus the ex- 
tension of the Krausz method was tried in the time 
domain. 


In spite of the non-Gaussian property of the 
pseudo-random impulse train inputs used in this 
study, the present results indicate that the im- 
provement of the system kernels with the equa- 
tion-(4) can reduce efficiently the identification 
errors resulted from the non-white spectral proper- 
ty of the present test inputs. And the kernel 
estimation admits of further improvement when 
effects of the odd-order moments of the test input 
can be taken into account in computation of the 
system kernels, because the odd-order moments of 
the pseudo-random impulse train do not vanish 
usually. But, the effects of the corrections of the 
second order system kernels by the third order 
moments of the inputs were very small in the 
present computation; for instance, about 0.2% for 
the input-output pair of the BQ2-cell. In any case, 
it is considered that spontaneously evoking nerve 
spike trains in some living neuron network can be 
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used as the test inputs for nonlinear analyses of 
nerve signal transfers in it through the present 
extension of the Krausz method, even if they are 
not so highly random. 


i) 
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The Retinal and 3-Dehydroretinal in Xenopus laevis Eggs 
are Bound to Lipovitellin 1 by a Schiff Base Linkage 


TosHIAKI IntE!, MASAMI AZUMA~ and TAKAHARU SEKI 


‘Osaka Meijo Women’s College, Kumatori-cho, Sennan-gun, Osaka 590-04 and 
*Department of Health Science, Osaka Kyoiku University, 
Hirano-ku, Osaka 547, Japan 


ABSTRACT—The egg of Xenopus laevis contains both retinal (ret,) and 3-dehydroretinal (ret,). The 
sum of the two retinals and the ratio of the ret, to ret, in one egg were not so diverse among the eggs ina 
brood, but the values between different broods varied in the ranges 40-60 pmol/egg and 0.67-1.35, 
respectively. 

Both retinals in the egg homogenate were precipitated in 20 mM Tris-HCl buffer, redissolved in NaCl 
solution at concentrations above 400 mM, and precipitated at 50-65% saturation with ammonium 
sulfate. The proteins containing retinals corresponded to lipovitellin (LV) on SDS-PAGE. The LV was 
chromatographed by gel filtration in the presence of SDS into two components, LV1 and LV2, and 
retinals bound covalently to the binding site by the treatment with sodium borohydride (NaBH,4) were 
cochromatographed with LV1. The protein with retinals was converted to a fluorescent product by the 
NaBH, treatment, following which both retinals could no longer be extracted with organic solvents. 
The fluorescence was observed even after delipidation of the NaBH,-treated LV. These results indicate 
that the retinals are bound to the protein moiety of LV1 via a Schiff base linkage. The molar ratio of 
LV1 to one molecule of ret; or ret. was in the range of 12-23. We discuss evidence that the retinals are 
bound to the lipovitellin precursor, vitellogenin, prior to the uptake of the vitellogenin into the oocyte. 


© 1991 Zoological Society of Japan 


INTRODUCTION 


Extraoccular retinal was found for the first time 
in the eggs of herring by Plack et al. [1]. In 
subsequent papers [2-4], the occurrence of retinal, 
or both retinal and 3-dehydroretinal, in the 
megalecithal eggs of vertebrates was shown to be 
common, while no retinal was found in the eggs or 
ovaries of the invertebrates investigated [4]. Plack 
et al. [5] also reported important observations that 
retinal is found in cod ovaries only when they are 
maturing and contain large ripening eggs, and that 
its first appearance coincides with the onset of 
vitellogenesis. Plack et al. [6] also found retinal in 
the blood of egg-laying hens, but only traces in the 
blood of cockerels and none at all in the blood of 
pullets. Using the fowl, an intimate relation be- 
tween sexual maturation and the appearance of 
retinal in the plasma was shown, and the hormonal 
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control of retinal concentration in the blood plas- 
ma was substantiated [7]. These findings indicate a 
connection between egg retinal and vitellogenesis, 
but neither the origin of the egg retinal nor its 
physiological significance are yet known. For 
further our understanding, it is important to make 
clear the state in which retinal exists in the egg. 
Plack reported in his early papers [1, 2] that the 
retinal in herreing eggs is bound to a lipid and, 
either directly or indirectly, to protein, for the 
retinal was extracted with a fat solvent only after 
denaturation of the proteins with ethanol. Recent- 
ly, Seki et al. [8] found that Xenopus laevis eggs 
contain both retinal and 3-dehydroretinal in nearly 
equal amounts, and it was suggested that the 
retinals are present in a protein-bound form, but 
the protein that binds the retinals has not been 
characterized. Therefore, in this study, X. /aevis 
egg homogenate was fractionated by several 
methods to inspect the protein that binds the 
retinals. Evidence is presented that the retinals 
are bound to a yolk protein, lipovitellin 1 (LV1), 
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and the origin of the egg retinals is discussed in 
terms of this and previous [5-7] results concerning 
egg retinals. 

A preliminary account was presented at the 60th 
Annual Meeting of the Zoological Society of Japan 
in 1989 [9]. 


MATERIALS AND METHODS 


Animals and eggs 


Xenopus laevis were supplied by Dr. H. Takasa- 
ki or purchased from Hamamatsu Seibutsu Kyozai 
Co., Ltd. (Shizuoka, Japan). They were reared at 
25°C and fed twice weekly with a feed for the toads 
supplied by the same company. The eggs were 
obtained by injection to the animals with chorionic 
gonadotrophic hormone [10], Puberogen (for 
veterinary use; Sankyo Co., Tokyo) at 200-300 
IU. Pre-gastrula eggs were used in this experi- 
ment. The jelly layers of the eggs were removed 
[11] by shaking the eggs gently in 0.6% NaCl 
solution containing 1.5% sodium thioglycolate at 
pH 9-10, then the eggs were rinsed with 0.6% 
NaCl solution in 20 mM Tris-HCl buffer at pH 7.4. 


Fractionation of egg homogenate 


The rinsed eggs were homogenized in 20mM 
Tris-HCl buffer at pH7.4 (TB), using a glass 
homogenizer with a motor-driven teflon pestle or a 
high-speed homogenizer (Physcotron NS-S0; 
Nichion Irikakikai Seisakusyo Co. Ltd., Chiba, 
Japan). The homogenate was centrifuged at 5°C 
with a centrifuge (Kubota KR-180B, Tokyo) at 
13,000 xg for 20min. The precipitate was resus- 
pended in 400 mM NaCl in TB (TBS) and centri- 
fuged again. To collect the TBS soluble sub- 
stances, the material solved in TBS was reprecipi- 
tated by dilution with more than three times the 
volume of TB. After centrifugation, the collected 
material was redissolved into TBS and then frac- 
tionated further by ammonium sulfate (AS) pre- 
cipitation. Till 50% saturation, no precipitation 
occurred. At 65% saturation, the turbid suspen- 
sion was kept on ice for a few hours, or overnight 
in a refrigerator, and centrifuged to obtain the AS 
soluble (AS-sup) and precipitate (AS-ppt) frac- 
tions. The AS-ppt, which was insoluble in TB, was 


washed with sufficient TB by centrifugation to 
remove the AS. 

The As-ppt freed from AS was redissolved in 
TBS and fractionated by gel filtration on a 3X38 
cm column of Sephacryl S-200, equilibrated with 
TBS containing 0.1% sodium dodecyl sulfate 
(SDS). Prior to gel filtration, the AS-ppt in TBS 
was treated with sodium borohydride (NaBH4), to 
bind the retinals covalently to the binding site [12, 
13]. To minimize the cleavage of the protein by 
NaBHg, the treatment was performed on ice for 30 
min, which was long enough to complete the 
reduction at the binding site as monitored by the 
increase in fluorescence (see below). The reaction 
was terminated by addition of more than three 
times the volume of TB and centrifuged to wash 
out NaBH,. In the supernatant, no fluorescence 
due to retinol or retinyl product was observed. 
The precipitate was dissolved in TBS, mixed with 
SDS to a final concentration of 2% and applied to 
the column for gel filtration. Five ml fractions 
were collected and their absorption spectra were 
measured from 220 to 400 nm with a spectrophoto- 
meter (Hitachi 200-20, Hitachi, Japan). Fluoresc- 
ence of the retinyl product could not be used to 
monitor the fractions because the fluorescence was 
quenched by SDS. 

All the procedures of preparation of the proteins 
described above and the following retinoid analy- 
ses were carried out under dim red light. 


Detection of retinals in the fractions 


Fluorospectrometry and high performance liq- 
uid chromatography (HPLC) were used to detect 
the retinals. Although retinal itself is not fluores- 
cent in most solvents, retinol and N-retinyl product 
(the reduced products of retinal and the retiny- 
lidene Schiff base, respectively) are fluorescent [cf. 
12, 13]. The conversion of the material with 
retinals into the fluorescent product, on treatment 
with NaBH4, was monitored by the increase of 
fluorescence with an emission A,,,, around 475 nm, 
induced by excitation at 330 nm using a fluoro- 
photometer (Hitachi 650-10 M, Hitachi, Japan). 

For HPLC analysis, retinals in the egg(s) or 
fractionated samples were extracted by the oxime 
method [14] following our routine procedures [15]. 
The eluent was 8% diethylether-0.08% ethanol in 
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n-hexane [8], or 5% tert-butylmethylether-0.04% 
ethanol-25% benzene in n-hexane: both of which 
give good separation of the syn oximes of retinal 
(ret;) and 3-dehydroretinal (ret.). A HPLC- 
system (Hitachi 655, Hitachi, Japan) was equipped 
with a 6X150mm column of 3m silica gel 
(YMC-PACK-A-012-3 S-3 SIL; Yamamura Chem- 
ical Laboratories Co. Ltd., Kyoto), with a 4x50 
mm precolumn, and was used at a flow rate of 2 
ml/min. Absorbance at 350nm was monitored 
with a UV-detector (Hitachi 638-41, Hitachi, 
Japan). Quantities of ret; oxime and ret, oxime 
were estimated from the peak areas of the syn 
isomers, using equimolar mixtures of standard 
oximes [16] supplied by Dr. T. Suzuki. 


Quantification of the lipovitellin 1 


Two methods, the Lowry method [17] and the 
fluorescence excited by 280 nm, were used to 
determine the amount of the protein that binds the 
retinals. The standard protein was bovine serum 
albumin. The amount of lipovitellin 1 (LV1) in the 
AS-ppt was calculated using the stoichiometry 1:1 
[18] for LV1 and lipovitellin 2 (LV2), and the 
molecular weight 150,000 dalton [18, 19] for the 
sum of the molecular weights of the two proteins. 


SDS-polyacrylamide gel electrophoresis 


SDS-polyacrylamide gel electrophoresis (SDS- 
PAGE) was performed according to Laemmli [20] 
with a 7.5-15% acrylamide linear gradient gel as 
the separating gel. The gels were stained overnight 
with 0.05% Coomassie Brilliant Blue (CBB) R-250 
in 20 mM AICI;, 25% isopropyl alcohol and 10% 
acetic acid [19] to visualize phosphoprotein bands 
[21]. The following proteins were employed as 
molecular weight markers; Myosin (200 KD), /- 
galactosidase (116KD), phosphorylase b (97.4 
KD), bovine serum albumin (66.2 KD), ovalbu- 
min (43KD), trypsinogen (24KD), /-lacto- 
globulin (18.4 KD) and lysozyme (14.3 KD). 


RESULTS 


Amounts and the ratio of retinal and 3-dehydro- 
retinal in an egg 


Both ret, and ret, are found in the X. /aevis egg. 


TABLE 1. Content of all-trans retinal (ret,) and 
3-dehydroretinal (ret,) in the egg from different 
pairs of adults 


pmol/egg 
Pair n a SE [LS 
ret, ret, sum 
A l 22.9 27.8 50.7 0.82 
A l 24.3 30.6 54.9 0.79 
A l 23.3 76 FP? 50.5 0.86 
A 5 26.0 re Be 33,5 0.89 
B l 29.6 22.0 51.6 1.39 
B l 28.6 22.0 50.6 1.30 
C l 16.8 25:2 42.0 0.67 
G l 16.8 23.0 39.8 0.73 
D 2 350 DO 32 S93 1.35 


n: number of eggs analyzed. 


Table 1 shows the amounts of each retinal, along 
with their sum and ratios in the eggs produced by 
four different pairs of adults (A~D). The sum of 
the two retinals (pmol/egg) was nearly constant 
among eggs from one brood (A), though varied 
from brood to brood in the range of 40 and 60 
pmol/egg. Similarly, the ratio of ret; to retz was 
not so diverse within each brood, but varied from 
0.67 to 1.35 in the four broods examined. 


Survey of retinals in fractions of the egg homo- 
genate 


In the first step, eggs were homogenized in TB 
and separated into a TB-soluble (TB-sup) and a 
TB-precipitate (TB-ppt) fractions by centrifuga- 
tion. They were assayed for retinals by HPLC as 
shown in Figure 1; almost all the retinals were 
found in the TB-ppt (Fig. 1, B), with little detected 
in the TB-sup (Fig. 1, A). It was found that the 
TB-ppt is soluble in 10% NaCl. On centrifugation, 
a small quantity of black sediment was precipitated 
but contained no retinal detectable by HPLC: all 
the retinals were detected in the clear supernatant. 
The concentration of NaCl was then altered, and 
the amount of retinal in the supernatant after 
centrifugation was examined by HPLC. About 
97% of the retinals were detected in 400 mM NaCl 
solution, 31% in 200mM NaCl and none in 100 
mM NaCl. Subsequent solubilization was there- 
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| os = 0.001 


Time(min) 


Fic. 1. HPLC elution profiles of extracts from the su- 
pernatant and precipitate fractions of Xenopus laevis 
egg homogenate in 20 mM Tris-HCl buffer at pH 7.4 
(TB). Retinoids were extracted by the oxime 
method and analyzed by HPLC as described in 
Materials and Methods. The eluent was 5% tert- 
butylmethylether-0.04% ethanol-25% benzene in n- 
hexane. Large peaks of syn and anti all-trans 
retinaloximes (1, 1’) and all-trans 3-dehydroretinal- 
oximes (2, 2’) are observed only in the precipitate 
fraction (B). 

A: 7.8X10~° portion of the supernatant fraction 
(TB-sup). 

B: 8.3X10~* portion of the precipitate fraction 
(TB-ppt) resuspended in 400 mM NaCl in TB. 


fore routinely performed using the 400 mM NaCl 
in TB (TBS). 

The retinal-containing material solubilized in 
the TBS (TBS-sup) was then fractionated by the 
AS precipitation. Almost all of the retinals was 
detected in the AS-ppt fraction. Table 2 shows an 
example of the quantitative representation of the 
retinals in the fractions mentioned so far. The 
ratio of ret, to ret, did not change markedly during 
the procedures. The behavior of the retinal- 
containing material described above is similar to 
that reported for lipovitellin (LV) in the yolk 
platelet of toad eggs [22, 23]. The SDS-PAGE 
patterns (Fig. 2) of the egg proteins further suggest 
that the protein in the AS-ppt fraction is LV [18, 
19]. The AS-sup (lane 4) contains phosvitin, which 
is not stained by CBB without AICI, [19]. 

Another attempt to solubilize the TB-ppt with- 


TABLE 2. Amounts of all-trans retinal (ret,) and 
3-dehydroretinal (ret) in different fractions of 
Xenopus laevis egg homogenate 


nmol 
FractiOn (Seer TC CONC hvac np aces 
ret; ret. sum 
TB-sup 0.39 0.44 0.83 0.01 0.90 
TB-ppt 39.2 468 86.0 0.99 0.84 
TBS-sup 38.3 44.2 82.5 0.96 0.87 
AS-ppt 37.0 43.0 80.0 0.97 0.86 


TB: 20mM Tris-HCI buffer, pH 7.4 

TBS: 400 mM NaCl in TB 

AS: 65% saturation of ammonium sulfate 

The egg homogenate in TB was centrifuged at 
13,000 g for 20min, producing a supernatant 
(TB-sup) and a precipitate (TB-ppt). The TB-ppt 
was resuspended in TBS and centrifuged to produce 
a second supernatant fraction (TBS-sup). The 
TBS-sup was then precipitated by AS to obtain the 
precipitate fraction (AS-ppt). The amounts and 
ratio of the retinals in these fractions were quantified 
by HPLC. 


LV] 


Py 


LV2 


ies Be 3 4 SG 


Fic. 2. SDS-PAGE of the proteins in the fractionated 
samples of Xenopus laevis egg homogenate. The gel 
was stained with CBB in the presence of AICI, [18]. 
1, precipitate in 20 mM Tris-HCl buffer at pH 7.4 
(TB); 2, supernatant in TB; 3, supernatant in 400 
mM NaCl in TB; 4, supernatant in the 65% satu- 
rated ammonium sulfate (AS); 5, precipitate in AS; 
and 6, marker proteins. The phosvitin band (PV; 
[18]), shown clearly in lane 4, is observed faintly in 
lane 3 but not at all in lane 5, although lipovitellin 
bands (LV1 and LV2; [18]) are much denser than in 
lane 3. 
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out NaCl was performed. The TB-ppt suspended 
in TB was divided into aliquots and mixed with 
detergents, Triton X-100, lauryl-sucrose ester or 
SDS, to a final concentration of 2%. In SDS 
solution, the turbid suspension was completely 
dissoved, but a heavier turbidity occurred in the 
other two detergents. The TB-ppt could not be 
solubilized in the mild detergents, indicating that 
the TB-ppt is not a membrane substance. 


Binding of the retinals with LV via the Schiff base 


Figure 3 shows that the retinal in the lipovitellin 
fraction (AS-ppt solved in TBS) is reduced by 
NaBH, to a fluorescent product with an excitation 
maximum around 335 nm (A) and the emission 
maximum around 475 nm (B). After the addition 
of NaBHsg, neither ret; nor ret, could be extracted 
by the organic solvent for HPLC analysis. These 
results indicate that the both retinals are bound to 
LV by the Schiff base linkage [13]. 


Retinals bind to the protein moiety of LV1 


Lipovitellin is composed of two major compo- 
nents, LV1 and LV2, as shown in lane 5 in Figure 
2. They could be separated by gel filtration in the 
presence of SDS, as has been shown by Wiley & 
Wallace [19], but our preliminary test indidated 
that the retinals also separated from the native 
binding site on addition of the SDS. This was 
prevented by adding NaBH, to the LV solution (in 
TBS) prior to the addition of SDS, and then gel 
filtration was performed. Figure 4A shows the 
resulting chromatogram detected by absorptions of 
the protein, Aogo, and the retinyl product, A330. 
The proteins were separated into two peak frac- 
tions but the retinyl product eluted out in a single 
peak which coincided precisely with the first peak 
of the protein. The SDS-PAGE results in Figure 
4B confirm that the first peak is LV1 and the 
second one LV2 [19]. From these results it is 
concluded that the retinals are bound to LV1 with 
the Schiff base linkage. 

Lipovitellin is a lipoprotein [23], and the retinal 
can form the Schiff base with an amino group of 
either the protein or such a lipid as phosphatidyl- 
ethanolamine. The results shown above have 
suggested that the retinals are bound to the pro- 
tein, but definite evidence that the retinals are 
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Fic. 3. Fluorescence spectra of the 65% saturated 
ammonium sulfate (AS)-soluble and -precipitate 
fractions before and after addition of NaBH,. The 
AS-soluble (1, 1’) and -precipitate (2, 2’) fractions 
were measured before (1, 2) and after (1, 2’) 
addition of NaBH,. Note that the detection range is 
the same in all the samples except 2’ in B, where the 
range is reduced to one third as can be seen from the 
relative size of the Raman scattering peak at 375 nm. 
The fluorescent product, with an excitation max- 
imum around 330 nm and emission maximum at 475 
nm, is produced in the AS-precipitate fraction on 
addition of NaBHg, indicating the presence of 


retinal. 

A: Excitation spectra obtained from emission at 
520 nm. 

B: Emission spectra measured during excitation at 
330 nm. 


bound to the protein moiety of the LV is lacking. 
This point was clarified as follows. A LV sample 
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Fic. 4. Gel filtration profile, in the presence of 0.1% 
SDS, of the ammonium sulfate precipitated material 
after treatment with NaBH,. The proteins were 
chromatographed into two fractions: lipovitellin 1 
(LV1; Fr. 11) and lipovitellin 2 (LV2; Fr. 15) [18]. 
The retinyl-product detected by the absorbance at 

330 nm cochromatographed with LV1. 

A: The elution profiles shown by the absorbances 
at 280 nm (©) and at 330 nm magnified ten-fold 
(@). 

B: SDS-PAGE of the proteins in peak fractions 11 
and 15 in A, and marker proteins. 


was divided into two aliquots, to one of which 
NaBH, was added. The lipid was extracted from 
both samples by mixing with 3 volumes of an 
organic solvent (methanol : dichloromethane=1: 
2), re-mixing with n-hexane and centrifuging at 
1,400 xg for 10 min. The upper organic solvent 
layer was removed and the extraction with di- 
chloromethane/n-hexane was repeated again. In 
the organic solvent, the fluorescence with an emis- 
sion maximum around 420 nm was observed at 330 
nm excitation, but the intensity was not different 
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Fic. 5. Fluorescence spectra of the delipidated lipo- 
vitellin. An ammonium sulfate precipitate fraction 
was divided into two aliquots, NaBH, added to one 
of them, and both samples were delipidated as 
described in the text. The delipidated proteins were 
resolved in 5% SDS in Tris-HCl buffer at pH 7.4 
containing 400 mM NaCl. The fluorescence due to 
the retinyl-product is observed even after delipida- 
tion of the lipovitellin sample treated with NaBHg. 
A: The fluorescence excited at 280 nm. 

B: The fluorescence excited at 330 nm. 
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between the two samples. The lower water layer 
was then recentrifuged at 13,000 xg for 20 min to 
preceipitate the delipidated proteins. The precipi- 
tate was suspended with the TBS but it was not 
redissolved. SDS was added at the final concentra- 
tion of 5% to make the suspension clear. Figure 5 
shows the fluorescence spectra immediately after 
the addition of SDS. The concentration of the 
delipidated protein in each sample was almost the 
same (A), but the fluorescence with the emission 
maximum around 470 nm (B) was observed only in 
the NaBHg,-treated sample. It is therefore con- 
cluded that NaBH, treatment resulted in a retinyl- 
protein product. 


The molar ratio of the retinals to LV1 


The sum of the two retinals in a LV sample was 
determined with HPLC, and the amount of the 
LV1 in the same volume of the sample was deter- 
mined. Table 3 shows the results obtained by the 
three experiments. The amount of LVI in a 
sample differed according to method used to esti- 
mate the proteins: about 1.5 times larger by 
fluorometry than by the Lowry method. In spite of 
the ambiguity of the protein determination, the 
result was clear: only 4-8% of the LV1 molecules 
bind one molecule of ret; or ret. 


TaBLe 3. The molecular ratio of lipovitellin (LV) 
to retinal (ret,) or 3-dehydroretinal (ret:) 


LV/ret, or 2 


Exp. ret, /ret> 
Lowry Fluor. 
A 16.4 20.7 0.87 
B 12.7 18.8 1.20 
* 13.9 22.8 0.72 


The amount of protein in a LV sample was 
quantified by the Lowry method [17] and by 
fluorometry, and amount of the LV1 was calculated 
as shown in Materials and Methods. The amounts 
and the ratio of all-trans ret; and ret, in the same 
sample were determined by using HPLC. 


DISCUSSION 


The present experiments reveal, first of all, that 
the egg retinals are not bound to a water soluble 
protein, since no retinal is detected in the TB-sup 
fraction (Fig. 1, Table 2). Secondly, the protein 


bound to retinals is not a membrane protein, 
scince it is not redissolved in mild detergent. 
Finally, a procedure to extract lipoproteins using 
NaCl solution as used for insect hemolymph [24, 
25] is successful, indicating that the retinal contain- 
ing material is a lipoprotein that behaves like LV 
[22, 23]. Further purification of the material by gel 
filtration and protein analysis by SDS-PAGE indi- 
cate definitively that the retinals are bound to LV1 
(Fig. 4). 

LV1 is a protein constituent of the yolk platelet, 
arising from a yolk protein precursor, vitellogenin 
[19]. The sequence of vitellogenesis, as summa- 
rized by Selman and Wallace [26], includes (i) the 
hepatic synthesis and secretion of vitellogenin in 
response to circulating estrogen, (ii) the delivery of 
vitellogenin, via the maternal circulation, to the 
surface of the growing oocyte, (iii) selective uptake 
of vitellogenin by receptor-mediated endocytosis, 
and (iv) cytoplasmic translocation of vitellogenin 
to form yolk bodies, and concomitant proteolytic 
cleavage of vitellogenin into the polypeptide sub- 
units of the yolk proteins, lipovitellin and phos- 
vitin. 

Seki et al. suggested [8] that retinal is produced 
in the toad ovary, on the basis of finding of 
carotenoids and retinylester in the ovary. Howev- 
er, the findings of the present study suggest instead 
that retinal binding to LV1 might have occurred at 
the hepatic vitellogenin formation. Moreover, the 
retinal occurs in the blood of egg-laying hens, but 
not of pullets or cockerels [6], and the appearance 
of retinal in the blood is influenced by hormonal 
control [7]. These facts are further confirmation 
that retinals are bound to the vitellogenin up- 
stream from its appearance in the ovary. 

In insects, vitellogenin is found as a hemolymph 
lipoprotein II [27, 28], which contains carotenoids 
(24, 27]. The hemolymph lipoprotein II of the 
silkworm was shown to be identical with the egg 
lipoprotein II [28], and we _ have 
carotenoids but not retinoids in the eggs of a moth 
(unpublished observation) and a dragonfly [29]. 
Also, Plack & Kon [4] have that 
carotenoids (but no retinal) are present in locust 
eggs. There seems, therefore, to be a common 
strategy for the delivery of egg retinals in the toad 
(and probably in other egg-laying vertebrates) and 


detected 


shown 
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of egg carotenoids in insects. 

The stoichiometry of one retinal per only several 
% of LV1 (Table 3) was unexpected. One possible 
explanation is the heterogeneity of X. laevis LV1 
(a, 8, y; [18]), which are produced from three [30] 
or four [31] different vitellogenin species. More 
precise determination of the egg retinals and the 
protein is a project for further examination. 

The egg retinals were characterized to have 
bound to the protein moiety of the LV1 via the 
Schiff base linkage (Figs. 3, 4, 5). The fluoresc- 
ence spectrum shown by Figure 5 has its emission 
maximum around 475 nm (for 330 nm excitation), 
due to the N-retinyl protein. The quantum 
efficiency, however, of the fluorescence of rety is 
known to be extremely low, and so the Schiff base 
linkage of ret2 is not deducible from the fluoresc- 
ence data. However, the following two results 
indicate that binding states of ret, and ret, are the 
same: (i) the unity in the ratio of ret, to ret, during 
the purification steps of LV (Table 2), and (ii) both 
retinals become unextractable after treatment of 
LV with NaBHy. 

The N-retinylidene Schiff base has its absorption 
maximum around 360 nm at alkaline pH, but at 
acid pH it is protonated and the maximum is 
around 440 nm [32]. It is well known that the 
chromophore retinals of visual pigments are bound 
to the protein moiety, opsin, via a protonated 
Schiff base linkage. It is therefore of interest to 
know whether or not the Schiff bases of the egg 
retinals are protonated. To answer this question, 
the abosrption spectrum of the LV solution in TBS 
was measured, but the results were somewhat 
complex. The spectrum showed a broad peak in 
the visible range with a maximum at ca. 370 nm 
and shoulders around 350, 400 and 480 nm. In 
addition to retinals, X. laevis yolk protein has been 
reported to bind biliverdin, which has absorption 
bands around 360 and 660 nm [33]. Furthermore, 
during this experiment, the characteristic excita- 
tion spectrum of the fluorescence due to a 
riboflavin was observed in the LV sample: the 
maxima were at 375 nm and around 460 nm, with 
characteristic fine structure (unpublished observa- 
tion). At least four substances (ret;, reto, 
biliverdin, riboflavin) contribute to the absorption 
spectrum. Moreover, the addition of NaBHsg re- 


duced not only the retinylidene Schiff base but also 
the biliverdin, forming bilirubin with a Ayax 
around 440 nm. So the difference spectrum before 
and after the addition of the NaBH, was not 
appropriate to detect the absorption maximum of 
Schiff base. Addition of alkali or acid to the LV 
solution caused heavy precipitation rendering 
absorption measurement impossible. When SDS 
was added to the LV solution at neutral pH, 
however, a large red-shift of the absorption band 
was observed. The shifted spectrum had a max- 
imum at 415 nm, with the shoulders around 390 
and 450 nm. This change of the absorption spec- 
trum is highly suggestive of inducing the protona- 
tion of Schiff base, since the pK, of the Schiff base 
has been reported to rise in the anionic detergent, 
SDS [34]. 

Ret, and ret, are the only retinoids found in X. 
laevis eggs [8]. The egg retinals are presumably 
used as the chromophore retinals of the visual 
pigments, for more than half of the egg retinals 
appear in the eyes of tadpoles, at stage 45, as ret, 
and ret, esters [35]. During the present experi- 
ment, the presence of retinoic acid in the egg was 
also inspected, but was not detected. The metabo- 
lic path of egg retinals, bound to LV1, into such 
substances having vitamin A activities is a problem 
for further investigation. 
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Involvement of a Serine Protease in the Activation of 
Prophenoloxidase in Drosophila melanogaster 


MASAYOSHI YONEMURA, KAYOKO KASATANI, NOBUHIKO ASADA 


and Et OHNISHI 


Biological Laboratory, Faculty of Science, Okayama University 
of Science, Okayama 700, Japan 


ABSTRACT—Prophenoloxidase (ProPO) in the crude preparation was activated by the fraction 
containing activating components (designated as AMM-1) prepared from mature third instar larvae. 
The activation could effectively be inhibited by p-nitrophenylguanidinobenzoate (p-NPGB) and 
p-amidinophenylmethanesulfonate (p-APMSF) at low concentrations. In AMM-1, tryptic activity was 
demonstrated and this activity could be suppressed by above inhibitors at the concentrations compara- 
ble to those inhibiting ProPO activation. These facts strongly suggest that a serine protease of trypsin 
type is involved in the activation prosess of ProPO in Drosophila melanogaster. 


INTRODUCTION 


In insect hemolymph, phenoloxidase (PO) 
occurs aS an inert zymogen (prophenoloxidase, 
ProPO) and it can be activated upon bleeding [1]. 
A number of studies have been reported on the 
mechanism of the activation. However, no unified 
principle as to the activating mechanism has yet 
been obtained. 

In Drosophila, activation of ProPO was first 
reported by Ohnishi [2]. Since then, many authors 
conducted experiments on various aspects of this 
phenomenon. Among them, Mitchell’s group con- 
ducted most extensive biochemical studies on the 
activation and they proposed a cascade mechanism 
involving at least 6 components [3]. However, the 
nature of the reactions of these components re- 
mained unsolved. 

In Bombyx mori, Dohke reported with his 
purified ProPO-activating enzyme from larval cuti- 
cles that the enzyme exhibited proteolytic activity 
and could be classified as a serine protease of 
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trypsin type [4]. Further studies on this material by 
Ashida’s group have revealed that a limited pro- 
teolysis of ProPO is involved in the activation by 
this enzyme, resulting in a release of a peptide [5, 
6]. 

In the present communication, we have investi- 
gated the possibility of the participation of pro- 
tease in the activation process of ProPO in Dro- 
sophila melanogaster. 


MATERIALS AND METHODS 


Insects 


Oregon-R strain was reared on standard corn- 
meal-yeast medium of Bowling Green formula at 
25°C+0.5. 
lected, frozen with liquid nitrogen and stored at 
—80°C until use. 


Mature third instar larvae were col- 


Reagents: 

Benzoyl-arginine ethylester (BAEE) and ben- 
zoyl-p-nitroanilide (BANA) were purchased from 
Peptide Institute Inc. L-Dopa and p-NPGB were 
from Sigma. p-APMSF was from Wako Pure 
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Chem. Industries Ltd. 


Preparation of activating components (AMM-1) 


Preparation of the activating components, desig- 
nated as AMM-1 by Seybold and his collaborators, 
was made according to their description [3]. 
Essentially, it consisted of the fraction precipitable 
with ammonium sulfate at 35% saturation. Super- 
natant of the 35% saturated ammonium sulfate 
was saved for the preparation of crude ProPO as 
described below. 


Preparation of crude ProPO 


Crude ProPO was prepared by the same method 
as that of “crude A,” of Seybold et al. [3], except 
that the starting material was mature third instar 
larvae. Essentially, the preparation consisted of 
the fraction precipitable with ammonium sulfate 
from 44% to 56% saturation. 


Assay of PO 


PO activity was assayed by the method of Horo- 
witz and Shen [7], with the following modifica- 
tions. L-Dopa was used instead of DL-dopa and 
microtubes with microtube adaptor were. em- 
ployed for Klett-Summerson photometer. 


Assay of tryptic activity 

Tryptic activity was assayed with BAEE and 
BANA. Increase in absorbancy at 254nm 
(BAEE) or 405nm (BANA) was followed at 
intervals after incubation at 25°C of the enzyme 
preparation with the substrate in 40 mM Tris-HCl 
buffer, pH 7.8 [8]. 


RESULTS AND DISCUSSION 


Crude ProPO fraction could be obtained from 
extracts by precipitation with ammonium sulfate 
between 44 and 56% saturation. The fraction 
containing the activating components (AMM-1) 
could be obtained by precipitating the proteins 
with ammonium sulfate at 35% saturation. Upon 
incubation of a mixture of both fractions at 0°C, 
PO activity appeared immediately and increased 
rapidly (Fig. 1). The activating activity of AMM-1 
could be suppressed at low concentration of p- 
NPGB, which has been known to be a titrant of 


300 


200 


Phenoloxidase activity (Agog) 


100 
O 30 60 90 
Incubation time (min) 
Fic. 1. Effect of p-NPGB on the activation of prophe- 


noloxidase. 

One part of crude ProPO preparation (protein 8.94 
mg/ml) was mixed with one part of AMM-1 (protein 
2.33 mg/ml) and the mixture was incubated at 0°C. 
At intervals, aliquot was sampled for PO assay. 
ProPO was incubated without AMM-1 (@—®), with 
AMM-1 (O—O), with AMM-1 preincubated with 
100 ~M p-NPGB at 0°C for 1hr (G—). The 
vertical bars represent the standard error of the 
mean, respectively. PO activity is expressed arbit- 
rarily by Klett units. 


trypsin and was reported to inhibit ProPO- 
activating enzyme from Bombyx mori cuticles [4]. 
The activating activity was also inhibited by p- 
APMSF, which is a potent inhibitor of serine 
protease [9]. 

If some component(s) of the cascade critical to 
the activation is serine protease of trypsin type, the 
tryptic activity could be demonstrated in the 
AMM.-1 fraction. This prediction was verified by 
the experiments with synthetic substrates. When 
AMM-1 was incubated at 25°C with BAEE or 
BANA, esterase as well as amidase activity could 
be demonstrated (Table 1). Furthermore, this 
activity could be suppressed by p-NPGB and p- 
APMCFEF at the concentrations comparable to those 
inhibiting the ProPO activation. If the protease of 
trypsin type participates the activation reaction, it 
is also predicted that peptidic substrates such as 
BAEE or BANA could inhibit the activation com- 
petitively. The result of the experiment in which 
BAEE was included at the concentration of 10° 
M revealed 41.7% inhibition, supporting above 
prediction. These facts indicate that a serine 
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TaBLE 1. Effect of proteinase inhibitors on tryptic 
and activating activity of AMM-1 


Inhibitor Activity 

Substrate (eM) (%) 
BANA p-NPGB 0.1 48.0 
10 PAG 

p-APMSF _ 1.0 61.1 

100 23.6 

BAEE p-NPGB 0.1 91.2 
10 11.0 

p-APMSF 1.0 69.0 

100 17.1 

ProPO p-NPGB 0.1 63.3 
10 9.8 

p-APMSF _ 1.0 63.4 

100 30.9 


For the tryptic activity, AMM-1 (protein 3.75 mg/ 
ml) was preincubated with the inhibitor at 0°C for 1 
hour and then the activity was estimated. For the 
activating activity, AMM-1 was mixed with ProPO 
(protein 12.35 mg/ml) at 0°C for the activation and 
PO activity was assayed 5 minutes after the addition 
of AMM-1. 


protease of trypsin type is involved in the activat- 
ing process of ProPO in Drosophila melanogaster. 

According to Seybold and his collaborators, the 
cascade reaction responsible for the activation of 
ProPO in Drosophila is as follows: 


S-activator 


PreS ——————> 


S , 
p ——_—_——_> P 


active PO 


P’+Aj, Ao, Az 


They did not comment on the nature of the 
reactions in the cascade. 

Consistent with our finding is the report by 
Ashida and his group on the prophenoloxidase 
activation in the mosquito, Aedes aegypti L. that 
the activation in the crude preparation from whole 
larvae could effectively be suppressed by p-NPGB 
and p-APMSF [10]. 

In the housefly, Musca vicina, we showed that 
the activation of prophenoloxidase (protyrosinase ) 
was catalyzed by the activator of protein nature 
and that the concentration of the activator in- 
creased during the course of activation [11]. Using 


the same materials, Funatsu and his collaborators 
made extensive studies on the phenoloxidase sys- 
tem. They have shown that the activation involves 
association-dissociation of subunits [12]. Howev- 
er, the role of the natural activator has remained 
unsolved. They have previously demonstrated by 
their kinetic studies that the natural activator 
behaved as an enzyme acting on the prophenolox- 
idase as the substrate [13]. 

Thus even in dipterans, we have no unified 
theory on the mechanism of the activation. We 
assume that most, if not all, of the components of 
the activation cascade are serine proteases, the last 
one in the cascade being trypsin type. Experi- 
ments to prove this hypothesis are now in progress. 
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The Sporadic Change of Epiblast Cells to Epithelial in the Chick 
Embryo before the Formation of Hensen’s Knot 


SHIGEO TAKEUCHI 


Biological Sciences, Faculty of Science, Kanagawa University, 
2496, Tsuchiya, Hiratsuka-shi, 259-12 


ABSTRACT—33 chick embryos from stage 2 to stage 4 according to Hamburger and Hamilton [1] were 
stained in foto with Rhodamine phalloidin (Rh-P) and then surveyed with a fluorescence microscope. 

Two types of cells were stained: one, elongated and stained along a whole cell surface, another, not 
elongated, stained eminently along the polygonal cell border at the upper surface. The former, 
recognized at or along the growing primitive streak (PS), were considered as the mesodermal cells 
because of their flask-like shape and downward inclination. The latter, appearing at the later stage of PS 
formation, were considered as the epithelial cells because of the polygonal frame work of F-actin along 
the cell border. At first, a few epithelial cells clustered to form small islands scattering along and slightly 
apart from the PS. The islands then increased in both number and size, becoming connnected to each 
other forming two belts along the PS. When Hensen’s knot was formed, all epiblastic cells differntiated 


into epithelial cells with the polygonal framework of F-actin. 


INTRODUCTION 


The embryos of sea urchins, insects, fishes, or 
amphibians start morphogenetic movement only 
after the outer cell layer is established as a cohe- 
rent cell sheet. The process during which the 
embryonic blastomeres were organized as an 
epithelium was precisely sutdied in the embryo of a 
fish, Fundulus heterocolitus [2]. At first, primitive 
zonula adherens was formed in the cells of the 
enveloping layer at the start of epiboly, which then 
developed to form a complete set of junctions 
during epiboly. At the initial stage of epiboly the 
microfilament bundles were observed to associate 
with zonula adherens scarcely but later more de- 
nsely as like as those in the fully developed epithe- 
lial cells. 

In the chick embryos, a ‘specialized junction’ 
was reported to be formed in the cells at margin of 
blastoderm during epiboly [3]. However, it is still 
not yet how or when the epiblast cells of area 
pellucida are organized to be an epithelium. To 
make clear of the periord and the position when 
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and where the epithelial cells appeared, we made 
use the microfilamet bundles associating with 
zonula adherens as a merkmal of epithelial dif- 
ferentiation. In the epithelial cells, F-actin, one of 
the main elements of the microfilamet bundles can 
be recognized aligned polygonaly along cell bor- 
ders when stained with Rhodamine phalloidin 
(Rh-P). The appearance of polygonally aligned 
F-actin bundles in the embryonic cells could thus 
be considered as heralding the initiation of epithe- 
lial differentiation. 

The chick embryos at various stages from the 
start of primitive streak (PS) formation to the 
establishment of Hensen’s knot (HN), 
stained in toto with Rh-P. At stage 3, according to 
Hamburger and Hamilton’s (H and H) table [1], 
when PS is under development in the embryo, a 
small group of cells with the polygonaly aligned 
F-actin bundles was recognized scattered along the 
primitive fold. As the PS grew, they increased in 
number, as did the number of cells within each 
group. The islands then fused together to make 
two belts running along the PS. By the time of HN 
formation, each cell of epiblast at the area pelluci- 


were 


da came to have polygonal cell borders, suggesting 
that epithelial differentiation was completed. 
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This communication will present the details of 
observation and discussion on epithelial dif- 
ferentiation. 


MATERIALS AND METHODS 


White leghorn eggs obtained commercially were 
incubated at 38°C for a required period. 

The embryos were removed from both vitelline 
membrane and yolk in Tyrode solution, and staged 
according to the table below in which the stages 
determined by H and H were actually subdivided. 

Stage 2: defined by H and H. 

St. 2+: the embryo had PS length ranging 
from 500 um to 800 um (Fig. 2a). 

St. 3—: the length of PS, ranged from 800 
to 1500 um (Fig. 3a). 

St. 3: defined by H and H. The embryo 
had PS longer than 1500 ~m, but 
without the discernible primitive 
groove. 

St. 3+: with the definitive PS longer than 
1500 ~m. 

St. 4—: with the definitive PS, the anter- 
iormost part of which was being 
surrounded by a circular fold. 

St. 4: | HN has been established. 

1) Fixation Each embryo, the hypoblast of which 
was Or was not removed, was mounted flat on a 
small piece of filter paper in Tyrode solution and 
put into a fixative (3.5% neutral formalin, 0.05% 
Triton X-100 in phosphate buffered saline (PBS) 
supplemented with 1mM MgCl, and 0.1mM 
CaCl,) for 20 min at room temperature (RT, 20- 
25): 

2) Staining After fixation, each sample was 
washed three times in PBS with the sheet of filter 
paper to which the sample was attached, and 
immersed in three drops of Rh-P solution (3 units/ 
ml PBS, Wako Pure Chem. Co.) placed on the 
bottom of a plastic dish for 1 hr at RT in a dark, 
moist chamber. 

Some of the samples were treated primarily with 
anti-actin antibody of rabbit (ICN, U.S.A.) di- 
luted in PBS (1:10) for 1 hr at 38°C in the moist 
chamber. After being rinsed twice in PBS, they 
were stained with fluorescein isothiocyaninate 
(FITC) conjugated anti-rabbit IgG antiserum of 


goat (Cappel, U.S.A.) diluted in PBS (1:64) for 1 
hr at 38°C in the moist chamber. 

After stained with Rh-P or anti-actin antibody, 
each embryo attached to the filter paper was rinsed 
twice in PBS, separated from the paper, mounted 
on a slide with a drop of auto-fluorescence-free 
glycerine alkalinated with NaOH (pH=9) and 
supplemented with triethylendiamine (100 mg/ 
ml), and coverglassed. The embryos were placed 
so that the outside of the epiblast cells faced the 
objective lenses. In order to protect the embryo 
from crushing with the cover glass, strips of filter 
paper were inserted between cover and slide. 

Embryos with or without hypoblast were simi- 

larly stained. 
3) Observation A microscope equipped with 
epifluorescent apparatus and a_ phase-contrast 
microscope were used. For microphotography, 
Tri-X pan negative films (Kodak) were used, 
which were processed with Superprodol (Fuji film 
Co.) for 8 min at 20°C to enhance the sensitivity of 
films from ISO 400 to 800. 


RESULTS 


In a total, 33 embryos were successfuly stained 
with Rh-P; 2 embryos at St. 2, 2, at St. 2+, 3, at 
St. 3—, 8, at St. 3, 3, at St. 3+, 8, at St. 4— and 4, 
at St. 4. 5 embryos (2, at St. 3 and 3, at St. 4) were 
stained with an indirect immunoflurescence 
method using anti-actin antibody as a first ligand. 
When stained with anti-actin, every cell in the 
embryo emitted dull fluorescence from the entire 
cell body and no discernible polygonal loclization 
of F-actin was recognized throughout the stages 
observed. 

However, when stained with Rh-P, two kinds of 
cells were identified and, furthermore, the stage- 
specific distribution pattern was observed. 

1. The embryos at St. 2.__ With the phase con- 
trast microscope, a small bulge of primitive streak 
(150 um or more in length) was recognized at the 
middle of the posterior half of area pellucida, very 
few cells of which were stained with Rh-P. A line 
of small dots of fluorescence was observed along 
the midline of PS (Fig. la). When focused just 
under the dots, sometimes, elongated cells were 
recognized which were stained weakly along the 
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Fic. 1. 


The embryo at St. 2 stained in toto with Rh-P. 
a The cells along PS. The white arrowhead shows the anteriomost part of PS, and the blanked arrowhead, the 
part of cell left at the surface. The main body of cell elongated inwards. Bar, 50 um. 


b A cell extending downwards. 
arrowhead, the invaginated cell body. Bar, 25 um. 


cell surface but strongly at the end of cell body left 
at the epiblastic surface (Fig. 1b). Because of their 
elongated shapes and inward orientation, they 
were taken to be mesodermal cells invaginating to 
the interspace between epiblast and hypoblast. 

2. The embryos at St.2+. A number of small 
dots of fluorescence was observed along the whole 
extent of PS (Figs. 2a and 2b). Among them, a few 
small polygonal shapes, varying in size, were scat- 
tered along PS (Fig. 2c). Under the polygons, the 
elongated body of cells was recognized (cf. Fig. 
1b), which were stained with Rh-P along their 
entire surface. Flask-like cells, though not so 
many, were also stained along the cell surface, the 
tails of which were, perhaps because of converg- 
ence of cell membrane, stained strongly in the 
form of white dots (Fig. 2c). 

It is worth noting that, without exception, the 
flask cells elongated perpendicularly to PS (Fig. 
2b). 

3. The embryo at the stages from 3— to 
3. Cells with small polygons of F-actin bundles at 


The upper arrowhead indicates the part of cell at the surface, the under 


the top were still observed along the midline of PS 
among many small dots (cf. Fig. 2c), the size of 
surface area of which varied from cell to cell. The 
extremely small ones reduced to be the end of a 
tail, the white dots. This suggests that the number 
of dots of fluorescence along PS are remnants of 
the mesodermal cells, which once had been poly- 
gonal in shape at epiblast and invaginated perpen- 
dicularly to PS (Fig. 3b). 

Slightly apart from PS, polygonal cells (Fig. 4a) 
clustered into small islands. The cells did not 
elongate and instead, formed cellular protrusions 
at the bottom to contact with each other (Fig. 4b). 

Focused on the hypoblast, a number of polygon- 
al cells was scattered in solitary forms without 
making large clusters (cf. Fig. 3b). 

4. The embryo at stages from 3+ to4—. PS 
now grew. to its maximum length. Many small dots 
of Rh-P were still observed at the bottom of the 
primitive groove. Within the primitive folds, a 
number of flask cells elongated perpendicularly to 
the groove. 
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The island of polygonal cells formed at St. 3, 
increased both in size and in number and, at St. 
4—, fused together to make a belt of polygonal 
cells parallel to PS (Figs. 4c and 4d). At St. 4—, 
another group of polygonal cells were recognized, 
far from PS, along the outer border of area pelluci- 
da (Fig. 4c). Between these two areas, no cell had 
a polygonal framework. 

Carefully observed, the polygons in embryonic 
cells were far from those in a fully developed 
epithelium [4]: their side lines in the early embryo 
were in imbalance and slack (Fig. 4d). 

5. The embryo at St. 4 In all embryos at this 
stage, each cell acquired polygonal fluorescence 
and stuck together. An entire span of area pelluci- 
da looked as if it was covered with a lacelike 
network of fluorescence (Fig. 5a). The bottom of 
the primitive groove was also covered with cohe- 
rent cells, rather thin in their polygonal pattern 
(Fig. 5b). However, at the bottom of HN (Fig. 
Sc), small dots were still recognized, suggesting 
that invagination of cells was still continuing. 

Despite our efforts, we could not obtain 
embryos in a transient state from St. 4— to St. 4, 
which might have shown us how the epiblast cells 
outside of the epithelial belts differentiated to 


Fic. 2— Whe embryo at St 2-—- 


epithelial. Absence of the link may mean the rest 
of the epiblast cells differentiated in a short space 
of time (may be within 1 hr) once the epithelial 
belts were established. 


DISCUSSION 


(1) Staining a whole embryo with Rh- 
P. NBD-phallacidin or Rh-P has been proved to 
be a good tool for surveying intracellualr localiza- 
tion of F-actin bundles [5]. In this series of 
experiments, we applied Rh-P to whole embryos 
and observed the distribution pattern of cells 
stained with it. One of the merits of this method 
was that we could easily identify the place and the 
stage when a small number of cells appeared, even 
though they contained a small amount of F-actin 
bundles. With immunohistochemistry on sec- 
tioned samples or with electronmicrography, 
sparsely distributed ceils laden with a small 
amount of F-actin cannot be detected so easily. 
The sections of embryonic cells are too thin for 
small accumulation of F-actin in the initial phase to 
be recognized. Although an electron microscope 
could identify F-actin deposited scarcely, its 
observation field is too small to cover a whole span 
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a The primitive streak observed with a phase contrast microscope. The upper arrowhead shows the anterior 
most part of PS, the under, the posterior most. Bar, 100 um. 

b. The total figure of Area pellucida stained with Ph-P. White dots make a line overlapping the midline of PS. 
Note cells either right, or left, of the line elongated perpendicularly to it. White flakes at the background are 
fluorescence of cells in hypoblast. Bar, 100 um. 

c A magnified view of PS. Besides the white dots, polygons scatter. Bar, 50 um. 

d A magnified view of flask cells. The left arrowhead indicates a part of cell at the surface and the right, rest of 
the cells under the surface. Bar, 20 um. 

3 the embryo at st. 3. 

a_ A total view, observed with a phase-contrast microscope. The upper arrowhead shows the anterior most part 
of PS, the under, the posterior most. Bar, 500 um. 

b_ A total view, observed with an epifluorescence microscope. The white arrowheads indicate both ends of PS. 
At the hemicircle area prior to the anterior end of PS, the cells are crowded but not coherent. White dots make a 
line along PS. A number of cells at both sides of PS elongates perpedicularly to PS along its entire length. 
Fluorescence at the back ground are of the cells in hypoblast. Bar, 250 um. 

4. The appearance of epithelial cells. 

a The islands of polygonal cells (St. 3+). The arrowhead shows the location of PS. Bar, 100 um. 

b_ The polygonal cells at St. 3—. Under the surface, the cells extend cellular protrusions (arrowheads) to contact 
with each other. Bar, 10 um. 

c At St. 4—, two belts consisting of polygonal cells run at both side of PS. The arrowhead indicates the anterior 
most of PS, where Hensen’s knot is begining to be formed. Note, at the area left, apart from the belt, another 
cluster of polygonal cells is shown. Bar, 100 ~m. 

d A magnified view of Fig. 4c. Note, each cell are bordered with rather irregular curved lines. The regular 
pentagons or hexagons are hardly observed. Bar, 50 um. 
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of area pellucida where the cells laden with F-actin 
were scattered. 

Most of the cells at St. 2 showed no sign of 
fluorescence of Rh-P but emitted fluorescence of 
FITC, suggesting the presence of actin molecules 
but not in a polymerized form. There may be 
another explanation for this: F-actin in the embryo 
at a very early stage is different in nature from that 
at later stages that neither antibody against adult 
actin, nor Rh-P, bound enough to be recognized. 
However, it is reasonable for us to simply suppose 
that the cells at St. 2 accumulated insufficient 
F-actin to be observed with a light microscope. 

(2) The cell stained with Rh-P. After St. 2, 
the cells stained with Rh-P were classified into two 
types: one was the elongated, solitary cell, along 
the whole cell surface of which was stained, and 
another, coherent, which were stained polygonaly 
along cell borders. 

The former including flask cells, were observed 
along PS in the embryos from St. 2 to St. 4—. 
They elongated perpendicularly to PS and sank 
obliquely. That is to say, their heads elongated 
inwards, with the tail remaining at the surface. 
Due to this inclination, they could be mesodermal 
cells invaginating. Elongation and a solitary form 
were confirmed as being specific to mesodermal 
cells: when fragments of presumptive mesoderm 
were cultured in vitro, the cells at the margin 
elongated enormously and exudated from the ex- 
plant to wander about in a solitary form [6]. 
F-actin distributed along a cell surface is consi- 
dered as perhaps generating the force for invagina- 
tion. Having no evidence at hand, further discus- 
sion on this mechanism should be deterred. 

The latter, considered epithelial, were recog- 
nized after St. 3—. In preliminary observation 
with a TEM, before St. 3—, the junction among 
epiblastic cells was primitive, consisting of only 
single bulges facing each other. After this stage, it 
was at the vicinity of these bulges that electron 
dense material was accumulated into an amor- 
phous mass. Here, a complicated junction gra- 
dually developed downwards. If the electron de- 
nse material would be confirmed as F-actin, it 
would provide good support to our thesis that the 
epithelial cells laden with polygonal bundles of 
F-actin started to differentiate at stage 3. 


Randomness in the area of epithelial differentia- 
tion suggests there was no dominant center coordi- 
nating the epithelial differentiation in area pelluci- 
da. However, there was a tendency for the cells 
along PS or HN to have differentiated earlier than 
those at other areas. This may be interpreted as 
follows: both intercellular and intracellular struc- 
tures must have been strengthened in order to 
keep up the integrity of epiblast against the mecha- 
nical tension brought about by the actively invagi- 
nating cells. As a result, junctional complex and 
cytoskeletal structure developed quickly in cells 
characteristic of epithelial cells. Thus, epithelial 
differentiation occurred earlier at the area exposed 
to larger tension than that at less. 

(3) Jrregularity of polygons in epithelialized 
epiblast. The polygons observed in epiblastic 
cells were irregular and not well balanced in com- 
parison with those in a typical epithelium showing 
a geometrical bee-hive pattern. For example, the 
corneal epithelium of an 8-day chick embryo con- 
sisted of well balanced pentagonal or septagonal 
cells stuck together, while the epiblast at St. 4 
consisted of cells with slack side lines, the balance 
of which was lost (Fig. Sa). 

This distortion may reflect the unstable state of 
the cells under morphogenetic movement. At 
wound healing, or in culture when the epithelial 
cells started to speread, even fully developed 
epithelial cells began to lose their geometrical 
regularity having slack side lines and lack of well- 
balanced proportion [4]. The mesodermal cells are 
invaginating actively through PS and HN. That 
means the continuity of the epiblast sheet is 
broken or, the epiblast has a wound in the middle. 
If the epiblast cells behaved so as to recover the 
continuity, the irregularity in cell shapes would be 
brought about as in the same way as corneal 
epithelial cells act during wound healing. 
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ABSTRACT—The role of fat body in the reproductive physiology of Rana esculenta was investigated 
during recovery phase. Changes in the ovarian weight, plasma vitellogenin (VTG) and estradiol-17 
levels were analyzed in intact frogs, in those without fat bodies (FBD) and in males and females injected 
with estradiol-17. The ovarian weight decreased by day 28 in intact females but not in FBD animals. 
At the same time plasma VTG titers sharply decreased on day 21 in intact animals, but no significant 
changes were found in FBD females. Male frogs never synthetize VTG; they do so, however, after 
injection of estradiol-17, FBD males showed higher VTG titers than intact males. The results obtained 
in vitro showed a sharp decrease of vitellogenin added in the medium of cultured fat body. Thus, the in 
vivo and in vitro results allow us to suggest that fat bodies metabolize plasma vitellogenin, at least during 
recovery phase; therefore ovarian growth may depend on an interplay among hepatic vitellogenin 
synthesis, fat body metabolic activity and ovarian uptake. 


INTRODUCTION 


A peculiarity, at least so it seems, of the repro- 
ductive physiology of amphibians is the insertion 
of the fat body (FB) in the hypothalamo- 
hypophysial-gonadal axis [1]. The importance of 
the fat body in the regulation of testicular activity 
in Rana esculenta has been widely demonstrated by 
Chieffi et al. [2]. These authors found that the fat 
bodies are the main deposit for lipids in the body; 
the lipids, synthesized by the liver are released in 
the plasma and subsequently incorporated in the 
fat body and testis; the annual changes in these 
parameters correlate with gametogenetic activity. 
The relationship between fat body and ovarian 
cycle have been ascertained by Pierantoni et al. [3] 
in the same species. Fat body removal impairs the 
ovarian growth, during the recovery period, result- 
ing in a lack of lipid uptake by the gonad and ina 
reduction in the protein synthesis. Recently Var- 
riale et al. [4] investigated the annual variations of 
VTG in the FB, liver, plasma and ovaries of adult 
female, Rana esculenta frogs, these variations have 
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been demonstrated to be correlated with the plas- 
ma estradiol-17 (E>) profile. These authors found 
that fat body does contain vitellogenin, at least 
during the pre-spawning and spawning periods, 
but does not synthesize it. 

In order to clarify the involvement of fat body in 
the regulation of Rana esculenta plasma vitel- 
logenin, this paper describes: i) the effects of FB 
removal during the recovery phase on ovarian 
weight and in the plasma levels of VIG and E> in 
female frogs; ii) the variations of VTG and E, 
plasma titers in estrogenized intact and fat body 
deprived males and females; iii) whether female 
fat body can release VTG using an in vitro culture 
system. 


MATERIALS AND METHODS 


Animals 


Adult male (15-20 g) and female (20-25 g) frogs 
were collected in the mountain pond (Colfiorito, 
Umbria) in November and FB removal was im- 
mediately performed. The experiments began on 
the Ist Novermber: the animals were maintained 
in tanks with deep water at 18 C of temperature 
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and fed on bovine liver and fly larvae. 


Experimental design 


Five days after fat body removal (day 0), ex- 
perimental groups were composed of intact frogs 
in captivity, intact frogs injected with 100 wl of E> 
(7 ug/ml, Sigma), fat bodies deprived frogs (FBD) 
and FBD frogs treated with 100 ul of E> (7 «g/ml). 
Ten animals, for each experimental group, were 
weighed and killed at weekly intervals until day 28. 
The ovaries were then removed and weighed to the 
nearest milligram and blood samples were taken 
by capillary inserted in the “conus arteriosus”; 
after centrifugation at 2500g the supernatants 
were frozen at —80°C until assayed. 


Culture Media and Preparation of Fat Body Cul- 
tures 


Ten adult female frogs were anesthetized in ice; 
the abdomen was cleaned with 5% chlorhexadine 
gluconate in 70% methanol and was then opened 
taking care not to cut the abdominal vein. Fat 
bodies were removed into sterile petri dishes con- 
taining Eagle-Earle’s salts (Gibco Bio-Cult Glas- 
gow Scotland) prepared as described by Wang and 
Knowland [5] and containing a final concentration 
of 20mM HEPES, 2 mM glutamine, 50 units/ml 
penicillin and 50 ng/ml streptomycin. All solu- 
tions and glassware were sterilized before use by 
filtration or autoclaving. Explanted FB were chop- 
ped with scissors and rinsed thoroughly and 
drained on autoclaved 3MM paper. Sixty mg 
(about 6-7 pieces) were then weighted and placed 
in each well of a Falcon culture dish, and covered 
with 1 ml of culture medium. 

Culture were incubated at room temperature 
(20°C) in air on a rocking table (4 cycles/min). 
The medium was daily changed for up to five days. 
After incubation for two days in culture medium 
alone, estradiol-178 (2x10 °M), was added to 
the wells. Finally 60 mg/well incubated for 24 hr 
with 10 mg/ml of VTG. 


Purification of VTG 


VTG was purified from the plasma of estroge- 
nized males by MgCl,/EDTA precipitation 
according to Wiley et al. [6]. The concentration of 
purified VIG was determined by a procedure 


which uses bovine serum albumin (BSA) as stan- 
dard following Lowry [7]. 


Measurement of VTG concentrations by ELISA 


Purified VTG was used to raise antibodies by a 
protocol developed in our laboratory [8] and the 
polyclonal antibody raised in the rabbit was used 
to determine VTG titer in the medium by enzyme- 
linked-immuno-sorbent-assay (ELISA). 

Buffer and reagents for ELISA (i) Coating 
buffer: phosphate buffered saline (PBS) 0.15 M 
pH 7.2 plus 0.02% sodium azide. (ii) Washing 
buffer: PBS plus 0.05% Tween 20. (iii) Rabbit anti 
VTG antiserum. (iv) Dilution buffer per conju- 
gate: PBS plus 0.05 Tween 20, 0.1% BSA and 5% 
pig serum. (v) Conjugate: alkaline phosphatase- 
conjugated goat anti rabbit immunoglobulin anti- 
serum (Sigma). (vi) Substrate buffer: diethanola- 
mine buffer 1M, pH9.8, containing 0.5 mM 
MgCl. (vii) Substrate: p-nitrophenylphosphate 1 
mg/ml in substrate buffer. 


Assay procedure 


Flat bottomed microtiter plates (Greiner, 
medium affinity; SIAL, Rome, Italy) were coated 
overnight with 100 wl of culture media from in- 
cubations. Standard curve was carried out with 
gradual dilution (10-1280 ng) of purified VTG. 
Plates were washed 4 times, post-coated overnight 
with 10 “g/ml BSA in PBS, washed with PBS and 
distilled water and dried under vacuum in a desic- 
cator. Rabbit anti VTG antiserum was diluted 
1:1000 in buffer containing 5% pig serum to 
reduce non specific binding. 

Plates were washed after 1 h and incubated with 
substrate. The reaction was stopped with 3M 
NaOH, 25 yl/well after 30-60 min. 

The optical density was read at a wavelength of 
405nm. All steps were performed at room 
temperature. Post coating was done with 150 wl/ 
well, antigen (VTG), samples, rabbit anti-VTG 
antiserum, conjugate and substrate were added in 
volumes of 100 «l/well. 

A reliable calibration curve enables the antigen 
titer (VTG) to be measured in all cultured media 
and in the plasma. 


Fat Body and Vitellogenin in Rana esculenta 881 


sequently, radioimmunological analysis (RIA) of 
estradiol-17 (E) was carried out as previously 
Plasma samples, were extracted with ether; sub- — described by Polzonetti-Magni et al. [8]. A sensi- 


Estradiol-178 assay 
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Fic. 1. a) Ovarian weight (gonadosomatic index, GSI), b) plasma vitellogenin and c) estradiol-17/ titers in the intact 
(MB) and estrogenized (8% ) female frogs, in those deprived of their fat bodies ($) and those without fat 
bodies and injected with estradiol-17/2 ( ). Vertical lines indicate SD 
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tivity of 7 pg (intraassay variation, 4.5%; interas- 
say variation 7.5%) was observed. Steroid anti- 
serum was provided by G. Bolelli (Physiopatholo- 
gy of Reproduction Service, University of Bolo- 
gna, Italy); tritium labelled E, were purchased 
from Amersham International (Buckinghamshire, 
England) and authentic steroids were obtained 
from Sigma. 
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( ) male frogs. Vertical lines indicate SD. 


Statistical analysis 


Results were analyzed using a statistical soft- 
ware package, Stat View 512+™™ (Brain Power 
Inc. Calabasas, CA, USA). Since ovary weight 
was highly correlated with body weight, somatic 
index (GSI=ovary wt/body wt) was employed for 
analyses and presentation of data. A probable 
level of 0.05 was taken to indicate a significance in 
comparison of means. 


days 


14 all 28 


days 


a) Plasma vitellogenin and b) plasma estradiol-17/ titers in estrogenized intact ( B88 ) and fat bodies-deprived 
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RESULTS 


In Vivo experiments 


Females: The ovary weight (GSI) does not 
display significant changes by day 21 in neither 
intact nor FBD frogs. In estrogenized females, the 
GSI significantly (P<0.01) increased up to 0.25 
within a week, remained high until day 21 and 
sharply decreased at day 28 in intact animals, while 
no significant changes were found in FBD ones 
(Fig. la). 

Plasma VTG titers in intact and FBD female 
frogs were found to be in the range of 0.8-1.1 mg/ 
ml on day 0 (i.e. 5 days after fat body removal). 
While in FBD frogs plasma VTG levels remained 
high during all the experimental time, a significant 
decrease of VTG titers (P<0.01) was found on 
days 21 and 28 in intact frogs (Fig. 1b). A signi- 
ficant increase of plasma VTG levels (P<0.05), 
was found in both intact and FBD animals after 
seven days of E, injection until day 28 (Fig. 1b). 
With respect to the plasma E, trend, a very 
significant increase (P<0.01) was found on day 21 
in intact females, while a much lesser increase of 
plasma E, content was found in FBD frogs (Fig. 
Ic). 

Males: Male frogs do not synthesize VTG; 
plasma VTG was found in both intact (0.3 mg/ml) 
and FBD males (0.5 mg/ml) after a week of E> 
injection; thereafter, VIG peaked on day 14 (P< 
0.01), and this increase was significantly greater (P 
<0.01) in FBD males than in intact ones (Fig. 2a). 
With respect to plasma E; levels a significant peak 
was found at day 21 in both intact and FBD 
estrogenized males (Fig. 2b). 


“In vitro” experiments. 


Female frog fat body did not release VTG when 
cultured for 5 days with medium alone, nor in the 
presence of E>. In order to establish whether VTG 
is utilized in some way by FB, 10 ug/ml of VTG 
were added to FB culture. After 24 h incubation, 
VTG concentration decreased (P< 0.01) to around 
5 g/ml. As control, VTG was added in the 
medium without FB and no changes of VIG 
concentration were observed (data not shown). 


DISCUSSION 


Following a summer post-reproductive refrac- 
toriness, frog ovary enters in the recovery phase. 
During this period the ovarian recrudescence is 
mainly due to hepatic vitellogenin synthesis and its 
uptake in the growing oocytes [8]. The increase of 
Ovarian weight depends also on the lipid accumula- 
tion, commonly transported from FB to the ovary 
[9-10]. 

The present data suggest that FB are involved in 
autumn recovery phase but do not impair the 
ovarian weight as previously found by Pierantoni ef 
al. [3]. Although the ovarian weight changes, 
found in these experiments, could arise from the 
stress of confinement, they are mainly consistent 
with ovarian decrease in intact females. Also the 
highest E, plasma levels found at day 21, in 
females as well as in estrogenized males, may be 
due to the captivity stress acting on the hypothala- 
mo-hypophysial-gonadal axis; in fact androgen and 
estrogen plasma changes, even after a short captiv- 
ity have been observed in this anuran [11]. 

As previously demonstrated in this species by 
Polzonetti-Magni et al. [8], ovarian growth paral- 
lells the plasma vitellogenin trend. The plasma 
vitellogenin decrease, observed on days 21 and 28 
in intact frogs, but not in FBD animals, suggests 
that fat body affects the ovarian growth by acting 
on plasma VTG concentration. The same results, 
obtained in male and female estrogenized frogs, 
allow us to suppose that the VTG decrease in 
intact animals may depends on FB metabolic acti- 
vity in sequestering plasma vitellogenin. This 
hypothesis is also supported by the results 
obtained in vitro, showing that, although fat bodies 
do not release VTG in the in vitro culture system 
nor in presence of E>, they induce a significant 
decrease of the VTG added in the medium. The in 
vivo and in vitro results reported here, indicate 
that fat body plays a role in the frog gonadal 
function. Such a role, in our opinion, is particular- 
ly consistent with the hypothesis that plasma vitel- 
logenin is metabolized by the fat body and, in 
consequence, the ovarian growth depends on an 
interplay among hepatic vitellogenin synthesis, fat 
body metabolic activity and ovarian uptake. More 
detailed studies are needed to investigate how FB 
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utilize this glycolipophosphoprotein in view of 
their involvement in the lipids storage as ascer- 
tained in this frog by Milone et al. [12]. 

The lower plasma E, levels found in FBD 
females, with respect to intact animals, agree with 
the results obtained by Chieffi et al. [1], showing 
FB involvement in the frog gonadal steroidogene- 
sis; in addition, the plasma levels of this hormone 
in intact female frogs, reported here, confirm a 
multihormonal control of VTG synthesis, as sug- 
gessted by Carnevali and Polzonetti [13], since the 
peak values of this hormone are concomitant with 
the lowest plasma VTG levels. 
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ABSTRACT—A\lmost all of the secretory garnules in both the atrial and ventricular cardiocytes were 
immunolabeled. Chromatographic analysis of atrial and ventricular extracts indicated that the major 
component of immunoreactive ANP was a peptide with high molecular weight, which appeared to be 
equivalent to y-ANP. These results suggest that ANP-like material is stored in the secretory granules in 
the atrial and ventricular cardiocytes of the carp, mainly as y-type ANP. Furthermore, the atrial 
extracts showed a clear vasodepressor activity in quail, which disappeared after preincubation of the 
extract with excess antibodies raised against a-human ANP. Thus, immunoreactive and bioactive ANP 


in carp hearts may be identical. 


INTRODUCTION 


It is now well established that the atrial car- 
diocytes in mammals produce a family of atrial 
natriuretic peptides (ANPs), which seem to be 
involved in regulation of the body fluid balance 
and blood pressure [for review, see 1]. In several 
mammalian species, it has been demonstrated that 
ANP is stored in secretory granules in the atrial 
cardiocytes in the form of y-ANP, which has 126 
amino acid residues [2-4], and its C-terminal 28- 
residue peptide, a-ANP., circulates in blood [3, 5]. 
In the human atrium, a- and §-ANP (antiparallel 
dimer of a-ANP) have been identified in addition 
to y-ANP [3]. In non-mammalian vertebrates, 
immunoreactive ANP (ir-ANP) was demonstrated 
in the atrial and ventricular cardiocytes of two 
species of reptiles, and of several species of anur- 
ans and fishes by immunohistochemical techniques 
or radioimmunoassay (RIA) using antisera against 
mammalian ANPs [6-15]. Further, the chemical 
structure of ANP has been determined in the 
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chicken [16], two species of anurans [17, 18] and 
the Japanese eel [19]. Eel ANP has 59% sequence 
homology to mammalian (human or rat) ANP. 
Previously, we surveyed ANP immunoreactivity in 
the atria and ventricles by immunohistochemical 
techique and estimated the concentration of ir- 
ANP in heart tissues and plasma by RIA, using 
antiserum specific for a-human ANP in a variety of 
fishes [15]. In extending these findings, the present 
investigation was performed to localize ANP in the 
cardiocytes at the electron-microscopic level, and 
then, it was characterized by a combination of 
high-performance gel-permeation chromatography 
and RIA. Finally, the biological activity of the 
ir-ANP from carp atrial extracts was examined by 
the vasodepressor effect in the Japanese quail. 


MATERIALS AND METHODS 


Animals 

The carp, Cyprinus carpio (18-25 cm in total 
length), of both sexes were obtained from a com- 
mercial source and kept in groups of 10 in 400-liter 
aquaria (20-22°C) for at least 3 days before sac- 
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rifice. Fish were pithed, and the hearts were 
immediately dissected out and used for experi- 
ments. 

Male Japanese quail, Coturnix coturnix japoni- 
ca, 4 weeks of age, were purchased from a local 
dealer and kept individually under an 8L:16D 
photocycle at 25+1°C for at least 2 weeks before 
use. Compound diet for quail (Nippon Haigo 
Shiryo, Yokohama) and water were available ad 
libitum until the day of experiment. The birds 
weighed 105+1 g (n=14) at the time of the experi- 
ment. 


Immunocytochemistry 


The atrium and ventricle of carp were cut into 
small pieces of less than 1 mm?® and fixed at room 
temperature for 3 hr in a solution of 1.5% formal- 
dehyde and 1.5% glutaraldehyde that contained 
0.2% picric acid and was buffered with 0.1M 
cacodylate buffer at pH 7.2. Thereafter, the tis- 
sues were stained “en bloc” with 1% uranyl acetate 
in 0.1M sodium cacodylate, pH7.2, at room 
temperature for 2hr. After rinsing in the same 
buffer, the tissues were dehydrated through a 
graded ethanol series and propylene oxide and 
then embedded in Spurr’s resin. 

The post-embedding protein A-gold technique 
for thin sections was applied essentially as de- 
scribed by Bendayan and Zollinger [20]. Thin 
sections mounted on nickel grids were incubated in 
phosphate-buffered saline (PBS), pH7.4, that 
contained 0.5% bovine serum albumin (0.5% 
BSA-PBS) for 30 min at room temperature. Each 
section was treated with a drop of a-human ANP- 
specific antiserum (Peptide Institute, Inc., Osaka) 
diluted 1 : 1000 in 0.5% BSA-PBS and incubated at 
4°C overnight. After rapid washing in PBS, sec- 
tions were incubated in a drop of protein A-gold 
complex diluted 1:20 in 0.5% BSA-PBS, for 30 
min at room temperature. The grids were washed 
thoroughly in PBS, rinsed in distilled water and 
dried. The sections were then stained with lead 
citrate and examined with a JEOL JEM-100B 
electron microscope. Control reactions to demon- 
strate the specificity of immunogold labeling were 
carried out by replacing the solution of primary 
antibody with normal rabbit serum (1: 1000). No 
gold particles were observed in the control sec- 


tions, indicating that the immunogold labeling was 
specific under the parameters used. The anti-a- 
human ANP antiserum used in the immunocy- 
tochemical procedure was raised in rabbits and is 
known to have 55% cross-reactivity with a-rat 
ANP. 


Chromatographic analysis 


Extraction procedure The atrial and ventricu- 
lar tissues were boiled for 10 min in 1 M acetic acid 
that contained 20 mM HCI to inactivate proteoly- 
tic activity. The boiled tissue was homogenized 
with a Polytron homogenizer and centrifuged at 
15,000 x g for 60 min at 4°C. The supernatant was 
stored at —30°C until chromatographic analysis. 

High-performance gel-permeation chromatogra- 
phy (HP-GPC) The tissue extracts were applied 
to a TSK-GEL G2000 SW column (7.5 x 600 mm; 
Tosoh, Tokyo) and the column was eluted with 10 
mM trifluoroacetic acid that contained 0.2M 
sodium chloride and 30% acetonitrile as solvent at 
a flow rate of 0.3 ml/min. The eluates were 
lyophilized and dissolved in the assay buffer for 
RIA, which was 0.1 M Tris acetate, pH 7.4, con- 
taining 0.1% BSA and 1mM Na,EDTA. The 
recovery of synthetic a-human ANP added to heart 
extracts was about 80%. 

RIA procedure Ir-ANP was determined by the 


e---e atrial extracts 
o—o ventricular extracts 
eo—e a~-hANP 


10 100 1000 
ANP (pg/tube) 
Fic. 1. A typical standard curve for a-human ANP and 


serial-dilution curves for carp atrial and ventricular 
extracts. 
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RIA method described previously [21, 22]. The 
antiserum was raised in New Zealand white rabbits 
against e-human ANP and was used at a final 
dilution of 1:4 10* to yield a maximum binding 
of approximately 35% of the total amount of 
(‘"I]a-human ANP in the assay. Cross-reactivities 
with a-rat ANP and §8-human ANP were 16% and 
90% on a molar basis, respectively. The sensitivity 
of the RIA was 2 pg/tube with 50% displacement 
at 30 pg/tube. The dilution curves obtained with 
extracts from atrial and ventricular tissues were 
almost parallel to the standard curve for e-human 
ANP (Fig. 1). 


Vasodepressor bioassay 


Extraction procedure The atrial tissues were 
boiled for 10 min in 1 M acetic acid that contained 
20 mM HC! to inactivate proteolytic activity. The 
mixture was homogenized, centrifuged at 3,000 x g 
for 20 min at 5°C, and the supernatant was stored 
at —80°C. Subsequently, the thawed supernatant 
was passed through a conditioned, disposable ex- 
traction column (Sep-Pak Cis, Waters Associates, 
Milford, MA, USA), and trapped materials were 
eluted with 80% methanol in 0.1 M acetic acid. 
The eluate was dried under a stream of nitrogen, 
reconstituted in 0.9% NaCl and stored frozen at 
—25°C until use. 

Bioassay procedure Mammalian ANPs are 
known to have the relaxant effect on the contrac- 
tility of chick rectum [23]. In a preliminary experi- 
ment, however, extracts of carp heart had no effect 
on the precontracted chick rectum in vitro. Thus, a 
vasodepressor bioassay was performed using quail 
for carp ANP. For the bioassay, each quail was 
anesthetized by an intramuscular injection of 
urethane (1.5 g/kg), and a polyethylene tube was 
inserted into the right external jugular vein for 
injections and a second tube was inserted into the 
common carotid artery for measurements of arte- 
rial pressure. Procedures for cannulation and the 
experimental set-up have been described in detail 
elsewhere [24]. 

In order to examine whether or not ir-ANP and 
bioactive ANP in carp hearts were identical, ir- 
ANP was absorbed with antibodies to a-human 
ANP, and the effect of absorption was examined in 
the quail vasodepressor bioassay. A heart extract 


was mixed with aliquots of 0 to 100 «l of e-human 
ANP-specific antiserum (1:20, Peptide Institute, 
Inc.), and the volume was adjusted to 1.1 ml with 
0.01 M phosphate buffer (pH 7.4). The mixture 
was incubated at 37°C for 1 hr, then at 4°C for 22 
hr. It was then mixed with 3mg of protein 
A-Sepharose CL-4B (Pharmacia LKB Biotechnol- 
ogy, Tokyo) and incubated at 4°C for 50 min. The 
entire mixture was finally centrifuged at 4,200 x g 
at 5°C for 20 min, and the resultant supernatant 
was injected into a quail after the dose-response 
relationship for a-human ANP had been ex- 
amined. Injection volume was 0.2 ml for both 
extract and a-human ANP. Each injection was 
followed by flushing with 0.05 ml of saline. As 
controls, 33 ul of antiserum (1:20) and 1,067 sl of 
buffer were incubated together, the mixture was 
treated as described above, and the supernatant 
was injected into the quail. Further, in order to 
check the proteolytic activity in the antiserum, 
three mixtures were prepared. Each mixture con- 
tained 310 wl of extract and sufficient buffer to 
increase the total volume to 465 ul. The first 
mixture also contained 5 ul a-human ANP anti- 
serum (1:20), and the second mixture also con- 
tained 5 «| normal rabbit serum (1:20). The third 
mixture contained extract and buffer only. These 
three mixtures were treated separately as de- 
scribed above, and the supernatant was injected 
into the quail. The anti-a-human ANP antiserum 
used in the bioassay procedure was the same as 
that used in the immunocytochemistry. 


RESULTS 


Immunocytochemistry The atrial cardiocytes 
contained many secretory granules near the nuc- 
leus and these granules were often also seen near 
the cell membrane. In the ventricle, most car- 
diocytes contained a few secretory granules, while 
some cells contained many granules near the nuc- 
leus. In both the atrium and ventricle, almost all of 
the secretory granules reacted with the a-human 
ANP-specific antiserum. No specific immunoreac- 
tion was observed in the cell matrix or on struc- 
tures other than the secretory granules (Fig. 2a, 
b). 


Chromatographic analysis Ir-ANP in the carp 
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Fic. 2. Atrial (a) and ventricular (b) cardiocytes of Cyprinus carpio treated by the protein A-gold method, using 
antiserum against a-human ANP. Secretory granules (Sg) are labeled with gold particles. My, myofibrils; N, 
nucleus. 20,000; bar, 0.5 um. 
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Fic. 4. Vasodepressor effects of the carp atrial extract 
(Ex) and e-human ANP (hANP) in a urethane- 
anesthetized quail (BW, 105g). The depressor 
activity of the Ex decreased after incubation of Ex 
with increasing amounts of e-human ANP-specific 
antiserum (AS). C, AS alone (1:688). a-f, Ex 
incubated with AS. Final concentrations of the AS: 
1:11,000 (a); 1:5,500 (b); 1:1,375 (c); 1:688 (d); 
1 :334 (e); and 1:220 (f). Doses of a-human ANP: 


0.075 ug (g); 0.15 ug (h); 0.3 ug (1); 0.75 ug (j) per 
bird. 


DISCUSSION 


In the present study, almost all of the secretory 
granules in the ventricular cardiocytes, as well as 
those in the atrial cardiocytes, reacted with the 
a-human ANP-specific antiserum, as assessed by 
the protein A-gold technique. Thus, most granules 
in both the atrial and ventricular cardiocytes of the 
carp seem to contain ANP-like material. This 
result is in agreement with similar findings in two 
species of anurans [8, 10, 11], and a cyclostome 
[12], but the secretory granules were not always 
positive for human ANP in the Japanese eel [15, 
25]. The discrepancy may be due to the different 
affinity of eel ANP to human ANP-specific anti- 
bodies. 

In a previous study, we demonstrated that both 
the atrium and the ventricle of the carp contain the 
ir-ANP, which was estimated by RIA for human 
ANP as 44.6+3.5 ng/mg (n=5) and 2.6+0.4 ng/ 
mg (n=4), respectively [15]. In extending these 
findings, the present study revealed that the major 
component of ir-ANP in atrial and ventricular 
extracts from the carp was a peptide with a 


molecular weight of about 12.5 kDa. This peptide 
may possibly be y-ANP, since its molecular weight 
is roughly similar to that of mammalian y-ANP [2]. 
In mammals, it has been well established that 
y-ANP is a prohormone of the a-type peptide, the 
latter being the major circulating form of ANP. To 
date, peptides with similar molecular weight have 
been found to be the major components of ir- ANP 
in the atria of the chick and the turtle [9, 16] and in 
both the atria and the ventricles of Rana ridibunda 
[10, 11] and the Japanese eel [25]. 

In the carp atrial and ventricular extracts, two 
minor components were eluted at the positions of 
synthetic @-human ANP and a-human ANP, re- 
spectively. Although the possibility of proteolytic 
cleavage of the high-molecular-weight peptide dur- 
ing extraction cannot be completely excluded, the 
extraction procedure used in this study was de- 
signed such that any proteolytic activity in the 
homogenates would be inactivated. Thus, proces- 
sing of the y-type peptide may occur within the 
heart tissue. A similar result has been obtained in 
the Japanese eel [25]. 

In the present study, the carp atrial extracts 
showed vasodepressor activity in the quail, and the 
activity was diminished after incubation of extracts 
with e-human ANP-specific antiserum. This re- 
duction in biological activity is not related to 
breakdown of the peptide by the proteolytic activ- 
ity in the antiserum, since incubation of extracts 
with normal rabbit serum did not decrease the 
vasodepressor activity of the extracts. These re- 
sults suggest that the vasodepressor activity is due 
to the ir-ANP in the extracts. 
possible that the ir-ANP lowers blood pressure in 


Furthermore, it is 


the carp as in the quail, since it was observed 
previously that ANP from the eel decreased arte- 
rial pressure in the eel as well as in the quail [19]. 
In agreement with our results, it has been reported 
that injection of homologous heart extracts or of 
mammalian ANP lowers blood pressure in the 
chicken [26], turtle [27] and toadfish [28]. In 
experiments in vitro, it was observed that heart 
extracts from the chicken, lizard, frog and trout 
exerted potent vasorelaxant effects on the rabbit 
aorta [13]. Taken together, all these results sug- 
gest that ANP is involved in the regulation of 
blood pressure in non-mammalian species, as is the 
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case in mammals [for review, see 1]. 

In summary, the present data demonstrate that 
both the atrial and ventricular cardiocytes of carp 
produce ANP-like material that is immunological- 
ly related to human ANP, and that both types of 
cardiocytes store this material in the secretory 
granules, mainly in the form of y-type ANP. 
Furthermore, this material has vasodepressor 
activity in quail. Whether the carp ANP plays a 
physiological role in the regulation of blood pres- 
sure in carp remains to be determined. 
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Influence of Seawater Adaptation on Prolactin and 
Growth Hormone Release from Organ-Cultured 
Pituitary of Rainbow Trout 


TAKASHI YADA and TETSUYA HIRANO 


Ocean Research Institute, University of Tokyo, 
Nakano, Tokyo 164, Japan 


ABSTRACT—When immature rainbow trout (Oncorhynchus mykiss) were accliomated to 80% 
seawater for 2 weeks, the plasma osmolality and sodium level were slighlty but significantly higher than 
the levels in freshwater fish. Plasma prolactin (PRL) level of seawater-adapted fish was significantly 
lower than that of freshwater fish, whereas plasma growth hormone (GH) was significantly higher in 
seawater fish. Pituitary PRL and GH contents were significantly lower in seawater fish than in 
freshwater fish. When pituitaries were cultured in serum-free medium for 48 hr, an acute decrease in 
PRL release was seen within 12 hr in culture. Thereafter, a basal level of PRL release (0.2-0.5 ng/ 
pituitary-hr) was maintained, and the level was significantly lower in seawater fish than freshwater fish. 
On the other hand, GH release from the pituitary of both seawater and freshwater fish (200-500 ng/ 
pituitary-hr) was about 100 times greater than the basal PRL release throughtout the experiment, and 
there was no difference between the fish in seawater and those in fresh water. GH release from the trout 
pituitary seems to be predominantly under inhibitory control of the hypothalamus, thus resulting in an 
increased GH release under culture condition, and possibly masking the effect of seawater adaptation. 
The decreased PRL release in seawater-adapted fish may be related to the reduction in pituitary PRL 
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content. 


INTRODUCTION 


Osmoregulatory roles of prolactin (PRL) as a 
freshwater-adapting hormone is well established in 
many euryhaline teleosts [1-3]. In salmonids, a 
reduction in plasma level of PRL has been fre- 
quently observed after transfer from fresh water to 
seawater [4-8]. The decrease in plasma PRL in 
response to seawater is most likely to be releated 
to its sodium retaining action, which is inhibitory 
to maintenance of ion balance in seawater. On the 
other hand, recent studies suggest that growth 
hormone (GH) plays an important role in seawater 
adaptation, especially in salmonids, and the seawa- 
ter-adapting effect seems to be independent of 
growth promotion [9, 10]. An increase in plasma 
GH level has been observed during seawater 
acclimation in several salmonid species [6, 8, 11- 
13]. An increased metabolic clearance rate of GH 
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has also been seen when rainbow trout and coho 
salmon are transferred from fresh water to seawa- 
ter [12, 13]. Transfer of the fish to environment of 
different salinity generally causes chages in plasma 
osmolality. Reduction in osmotic pressure of 
culture medium is known to affect in vitro release 
of PRL in several teleost species [14, 15]. In 
salmonids, however, changes in osmotic pressure 
of medium within physiological range did not 
affect PRL and GH release in vitro [16, 17]. 
According to Kelley et al. [18], the basal release of 
newly synthesized PRL and PRL synthesis in 
organ-cultured pituitaries of coho salmon smolts 
were greater in freshwater fish than in the fish 
acclimated to seawater for 4 weeks; the PRL cells 
in vitro appear to retain at least some of their in 
situ characteristics. The present study was under- 
taken to examine the influrence of environmental 
salinity on spontaneous release of PRL and GH 
from organ-cultured pituitary of rainbow trout. 
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MATERIALS AND METHODS 


Immature rainbow trout (Oncorhynchus myk- 
iss), weighing about 100g, were obtained from a 
commercial source in Tokyo. They were reared in 
recirculating freshwater tank at 12°C for more than 
a week until use. Twelve fish were transferreed 
directly to a recirculating tank of 80% seawater 
(salinity 30 ppt) at 12°C. As a control, the same 
number of the fish were transferred to a freshwater 
tank. They were fed commercially prepared pel- 
lets (Oriental, Chiba) during the experiment. Two 
weeks after the transfer, they were anesthetized in 
2-phenoxyethanol (0.1 ml/liter), and blood was 
collected from the caudal vessels with a syringe 
needle treated with ammonium heparin. After 
centrifugation at 10,000 rpm for 5 min, the plasma 
was separated and kept frozen at —80°C until 
analyses. The pituitaries taken out upon decapita- 
tion were cultured in a 96-well multiple plate 
containing 2001 Eagle’s minimum essential 
medium with Earle’s salts (Gibco, New York), 
penicillin (100 U/ml), streptomycin (100 U/ml), 
and Fungizone (0.25 ug/ml, M. A. Bioproducts, 
Maryland). The pH of medium was adjusted to 7.3 


by sodium bicarbonate, and the osmotic pressure 
was 300 mOsm. Pituitaries were incubated at 12°C 
under an atmosphere of 95% O, and 5% CO, for 
48 hr. The medium was changed every 12 hr. 
Each pituitary was sonicated in 1 ml 0.1% Triton 
X-100 in 10mM phosphate buffered saline (pH 
7.3). The medium and pituitary homogenates 
were stored at —80°C. As controls, unincubated 
pituitaries were also collected immediately after 
decapitation. 

Plsma sodium level was measured by an atomic 
absorption spectrophotometry (Hitachi, Tokyo). 
Osmotic pressure was measured by a vapor press- 
ure osmometer (Wescor, Utah). The medium and 
pituitary concentrations of PRL and GH were 
measured by homologous radioimmunoassays [19, 
20]. 


RESULTS 


When rainbow trout was acclimated to 80% 
seawater for 2 weeks, a significant increase was 
seen in both plasma osmolality and sodium level 
(Table 1). Plasma PRL level was significantly 
lower in seawater fish than in freshwater fish. In 


TABLE 1. Plasma osmolality and concentrations of sodium, PRL and GH of rainbow trout acclimated 


to fresh water or 80% seawater 


No. Osmolality Na PRL GH 
SECRET of fish (mOsm/kg) (mEq/liter) (ng/ml) (ng/ml) 
fresh water wy 2 icte3 [52st OF Sets OFZ Syejac Ze) 
80% seawater 12 334+4** NOaexu 0.4+0.1* 14.8+2.0* 


Data are expressed as mean+SEM. 


*** Signifiantly different from the level in freshwater fish at P<0.05 and P<0.001, respectively, by 


Student’s f-test. 


TABLE 2. Pituitary contents of PRL and GH of rainbow trout acclimated to fresh water or 80% seawater 


No. PRL GH 
BEECH OE of fish (ug/pituitary) (ug/pituitary) 
unincubated fresh water 6 2.67 £0.30 1995215 
pituitery 
80% seawater 6 PieRORISE 15.9+0.8* 
pituitary incubated fresh water 6 DH 3-039 14.0+1.6* 
for 48 hr 
80% seawater 6 2.07 + 0.24 (evils ili 


Data are expressed as mean+SEM. 


* Significantly different from the content in unincubated pituitary of freshwater fish at P<0.05 by Student’s 


t-test. 
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contrast, plasma GH level of seawater fish was 
significantly higher than that of freshwater fish. 

PRL and GH contents in the unincubated pituit- 
ary were significantly smaller in the fish acclimated 
to 80% seawater than those in freahwater fish. 
However, there was no significant difference in the 
residual pituitary contents of both PRL and GH 
between the fish in fresh water and 80% seawater 
(Table 2). 

As shown in Fig. 1, PRL release from the organ- 
cultured pituitary was 3-5 ng/pituitary-hr during 
the first 12 hr of incubation, and there was no 
difference between the fish acclimated to fresh 
water and those to 80% seawater. Thereafter, 
PRL release decreased markedly to a basal level of 
less than 0.5 ng/pituitary-hr. The basal release of 
PRL of freshwater fish (0.4—0.5 ng/pituitary-hr) 
was significantly greater than that of the fish in 
80% seawater (about 0.2 ng/pituitary-hr). In con- 
trast, GH release from the cultured pituitary was 
about 150 ng/pituitary-hr during the first 12 hr, 
about 30 times greater than the PRL release during 
the same period, and higher levels (200-450 ng/ 
pituitary-hr) were maintained throughout the ex- 
periment (Fig. 2). There was no significant differ- 
ence in GH release between the fish in fresh water 
and those in seawater at any period. 


DISCUSSION 


In the present study, plasma PRL level of rain- 
bow trout acclimated to 80% seawater was signi- 
ficantly lower than in freshwater fish. This is in 
agreement with previous observations in several 
salmonid species [4-8]. The reduction in plasma 
PRL level seems to reflect decreased PRL relesae 
in vivo during seawater adaptation. PRL release 
from organ-cultured pituitary of seawater adapted 
rainbow trout was also significantly lower than that 
of freshwater fish, indicating that the influence of 
seawater adaptation on PRL release is still existent 
in the cultured pituitary at least for 48 hr. In coho 
salmon smolts, Kelley et a/. [18] reported that the 
basal release of newly synthesized PRL, as mea- 
sured by incubating the pituitary with [*°S]- 
methionine for 20 hr, was lower in seawater fish 
than in freshwater fish. The acute decline of PRL 
release within the first 12 hr in culture observed in 


the present study does not seem to be due to the 
exhaustion of PRL stored in pituitary, since a 
considerable amount of PRL remained in the 
pituitary after 48 hr in culture. Gonnet [21] re- 
ported that dominant hypothalamic control of 
PRL release in rainbow trout is stimulatory, based 
on their studies with perfused pituitaries. The 
acute decline in PRL release within the first 12 hr 
in culture may be caused by disappearance of the 
stimulatory control by hypothalamus. 

In teleosts, a considerable number of studies 
have focused on direct effect of osmotic pressure 
on PRL release in vitro [14, 15]. A reduction in 
Osmotic pressure of cultrue medium directly stimu- 
lated PRL release in several euryhaline teleosts 
such as a goby, tilapia and eel [22-25]. In rainbow 
trout, however, the response of PRL release 
needed a large variation in osmotic pressure [17]. 
In the present study, pituitaries of seawater- 
adapted fish were incubated in the same culture 
medium as the pituitary of freshwater fish with 
osmolality of 300 mOsm/kg. In spite of a reduc- 
tion in osmotic pressure from 330 mOsm/kg in 
plasma to 300 mOsm/kg in culture medium, PRL 
release from seawater fish pituitary was still lower 
than in freshwater fish. In salmonids in general, 
changes in osmotic pressure with physiological 
ranges seem to have no significant influence on 
PRL release from organ-cultured pituitary [16- 
18]. 

As is discussed above, osmolality of the culture 
medium is not the cause of the decrease in PRL 
release in seawater-adapted fish. It is also unlikely 
that the effect of hypothalamic hormones persists 
for more than 48 hr on PRL cells in the cultured 
pituitary, although hypothalamic nerve endings in 
the trout pituitary were found intact electron mic- 
roscopically after 8 days of culture [unpublished 
observation]. On the other hand, PRL content in 
the unincubated pituitary decreased significantly 2 
weeks after transfer from fresh water to seawater. 
In rainbow trout weighing about 200 g, Prunet ef 
al. [4] reported that pituitary PRL content in- 
creased within 2 days after transfer to seawater, 
possibly as a result of an acute decrease in PRL 
release. Thereafter, PRL content decreased gra- 
dually to the initial level 3 weeks after transfer. In 
coho salmon smolts, pituitary content and synth- 
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esis of PRL decreased 4 weeks after transfer to 
seawater [18]. Although there was no significant 
difference in the residual PRL content between the 
fish in fresh water and in seawater after 48 hr in 
culture, the reduction in in vitro release of PRL in 
seawater fish as compared with that in freshwater 
fish seems to be related to the smaller pituitary 
content before the culture. 

In agreement with previous reports in rainbow 
trout and other salmonids [6, 8, 11, 13], plasma 
level of GH increased after adaptation of the trout 
to 80% seawater. However, in vitro release of GH 
in seawater fish was not different from that of 
freshwater fish. Nagahama et al. [26] suggested 
electron microscopically that GH cells in coho 
salmon pituitary were more active in seawater- 
adapted fish than in the fish in fresh water. Esti- 
mated from the metabolic clearance rate of exoge- 
nously administrated GH, GH released from the 
pituitary in vivo increased during seawater adapta- 
tion of rainbow trout and coho salmon [12, 13]. In 
salmonids, seawater adaptation seems to stimulate 
both release and sythesis of GH. Smaller GH 
content in the unincubated pituitary in seawater 
fish than in freshwater fish observed in the present 
study may reflect greater secretion rate than the 
rate of synthesis. In our recent study, activation of 
GH release and synthesis was observed in serum- 
free culture of rainbow trout pituitary, indicating 
that predominant control of GH secretion in rain- 
bow trout is inhibitory [27]. Thus, the influence of 
seawater adaptation on GH release, if any, seems 
to be masked by the increased GH cell activity 
under the culture condition. Further studies are 
needed with dispersed or isolated pituitary cells 
without nerve endings of hypothalamic neurons to 
clarify the influence of seawater adaptation on 
PRL as well as GH release from the trout 
pituitary. 
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A Morphometric Study on Pituitary Pars Intermedia 
Cells of Male Mice Fed a Liquid Diet 
Supplemented with Urea 


MANABU OKADA, SAKAE TAKEUCH and YASUO KOBAYASHI 


Department of Biology, Faculty of Science, Okayama University, 
Okayama 700, Japan 


ABSTRACT—An electron microscopic and morphometric study on pars intermedia (PI) cells of the 
pituitary was undertaken in male mice given either a liquid diet consisting of 3% powdered milk in a 
5% glucose solution or the identical liquid diet supplemented with 1% urea for 10 days. Three 
parameters representing the secretory activity of PI cells were examined. The percent area of the 
cytoplasm occupied by the rough endoplasmic reticulum (an index of protein synthesis) increased to 
124% and 172% of the control value in mice maintained on the liquid diet alone and on the liquid diet 
containing 1% urea, respectively; the numerical density of immature Golgi granules (an index of 
granule formation) also increased to 143% and 185% of the control value in those given the liquid giet 
alone and the liquid diet supplemented with 1% urea, respectively. In contrast, the numerical density 
of secretory granules (an index of granule storage) decreased to 74% and 62% of the control value in 
animals fed the liquid diet alone and the liquid diet supplemented with 1% urea, respectively. These 
results indicate that the balance between synthesis and release of PI hormones is in equilibrium at a 
higher level in mice fed the liquid diet with urea than in animals given the liquid diet without urea. 


INTRODUCTION 


Our previous morphometric studies on the pars 
intermedia (PI) of the mouse pituitary have de- 
monstrated that dietary sodium restriction induced 
hypersecretion in pituitary PI cells [1], and that 
pharmacological impairment of the renin- 
angiotensin-aldosterone system enhanced the 
secretory activity of PI cells in sodium depleted 
mice [2]. These results have led to the assumption 
that the PI hormone(s) is a pituitary factor that 
stimulates aldosterone secretion from adrenals in 
sodium depleted mice [3]. Further, a new method 
for inducing excess drinking was developed in our 
laboratory. Stimulation of the secretory activity of 
PI cells accompanied the copious drinking [4]. A 
recent study [5] showed that oral urea administra- 
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tion augented the secretory activity of PI cells in 
lactating mice under conditions whereby copious 
drinking was induced [4]. The hypersecretory 
activity of PI cells induced by oral urea intake in 
suckling dams might result from either induced 
drinking or excess drinking characteristic of lactat- 
ing mice [5]. Thus, male mice were used in the 
present study and the secretory activity of PI cells 
was evaluated morphometrically in animals given a 
liquid diet supplemented with or without urea. 


MATERIALS AND METHODS 


Male mice of the Jcl: ICR strain at 5 weeks of 
age were caged individually at 22+ 1 C under 12 hr 
of light daily (07:00-19:00) with free access to 
food and tap water. They were divided into three 
groups, each consisting of 9 animals. The first 
group served as a control, receiving pelleted food 
and distilled water. The second group was sub- 
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jected to copious drinking. Animals were fed a 
liquid diet consisting of 3% powdered milk in a 5% 
glucose solution, and the pelleted food and distil- 
led water were withheld. To maintain mice in an 
excess drinking state and under minimum nutri- 
tional conditions, 3% powdered milk was dis- 
solved in a 5% glucose solution. The third group 
received the same liquid diet supplemented with 
1% urea. The body weight was recorded every day 
and the daily consumption of the liquid diet with or 
without urea was expressed as % volume/body 
weight. After treatment for 10 days, the animals 
were killed by decapitation, and blood was col- 
lected from the trunk vessel. The levels of hema- 
tocrit (%) were determined, and plasma osmolal- 
ity (mOsm/kg) was measured with a Shimazu 
OSM-1 Osmometer. The pituitaries were removed 
immediately after sacrifice and parasagittal slices 
of the specimens were fixed in a mixture of 1% 
glutaraldehyde and 1% paraformaldehyde (pH 
7.4) for 1 hr followed by postfixation with 1% 
OsO, (pH 7.4) for another 1 hr. After dehydra- 
tion the specimens were embedded in Quetol 812. 

For morphometric analysis 6 of 9 animals were 
used in each group. Approximately 60 cells on the 
electron micrographs at a magnification of 
10,000 x were chosen at random from each group. 
The area of the cytoplasm and the Golgi region 
were measured with a planimeter (X-PLAN 360, 
Ushikata, Tokyo). The number of secretory gra- 
nules and immature Golgi granules per unit area 


o—o —- normal control (9) 
@—e milk 10days(9) 


O—o ~milk+urea10days(9) 


200 


Liquid intake (%.v/w) 


5 10 (days) 


Fic. 1. Daily consumption (% volume/body weight) of 
distilled water (control), 3% powdered milk in a 5% 
glucose solution (milk 10 days) and the milk diet 
supplemented with 1% urea (milk+ urea 10 days) in 
male mice. * p<0.001 vs control. Number of 
animals is in parentheses. 


(um) was expressed as the numerical density of 
the granules. The area of the rough endoplasmic 
reticulum (r-ER) was determined with PLANI- 
MAX 25 (Nihon Regulator, Japan) and was ex- 
pressed as the percent area of the cytoplasm 
oocupied by the r-ER. Statistical significance of 
the mean was assessed by Student’s f-test. 


RESULTS 


1. Daily liquid consumption and body weight 


In the control male mice, the daily consumption 
of distilled water was 27+8% v/w. In sharp 
cpntrast, the liquid intake increased from 121+7% 
v/w on day 1 to 200+12% v/w on day 10 in 
animals given a liquid diet (3% powdered milk in a 
5% glucose solution) without urea. In the animals 
fed the liquid diet supplemented with 1% urea, the 
oral intake on day 1 was 117+8% v/w, increasing 
to 241+24% v/w on day 10 (Fig. 1). The body 
weight of the control mice was 33.2+0.7¢ at 5 
weeks of age and 39.3+1.2 g at 10 days thereafter. 
The body weight declined gradually to 76.4% of 
the control value on day 10 in mice maintained on 
the liquid diet alone, and to 76.9% in those fed the 
liquid diet containing 1% urea (Fig. 2). 


2. Hematocrit and plasma osmolality 


In the treated groups, hematocrit values were 
significantly higher than those in the controls. No 


o—oO normal control (9) 


@—e milk 10days(9) 


O—o milkeureal0days(9) 


Body weight (q) 


0 5 10 (days) 


Fic. 2. Body weight of mice given distilled water, the 
liquid diet (3% milk in 5% glucose) and the urea- 
containing liquid diet, respectively, for 10 days. * p 
<0.001 vs control. 
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significant difference was observed between the 
two groups of mice fed the liquid diet with or 
without urea (Table 1). No significant difference 
existed in plasma osmolality values among the 
control and the two experimental groups (Table 


1). 


TABLE 1. Hematocrit and plasma osmolality in 
male mice fed the pelleted food (Control), the 
liquid diet and the liquid diet supplemented with 
1% urea, respectively, for 10 days 


Plasma 
Treatment Hematocrit (%) osmolality 
(mOsmol/kg) 
Control (9) 48.7+0.1 301+2.6 
Liquid Diet (9) 35.1 0.3" 2991-5 
Liquid Diet+ Urea (9) — 52.8+0.5* 298 +0.9 


* p<0.002 vs control. Number of animals is in 


parentheses. 


3. Fine structure of the pituitary PI cells 


The PI cells of the control mice contained 
numerous secretory granules and had occasionally 
The Golgi apparatus was 


an indented nucleus. 


small, and immature granules in the Golgi region 
were sparse. The rough endoplasmic reticulum 
(r-ER) was not so well developed (Fig. 3). The PI 
cells from mice given the liquid diet appeared to be 
active in fine structure. Large Golgi apparatus and 
distended cisternae of the r-ER were conspicuous 
in PI cells of animals fed the liquid diet with urea 
(Fig. 4). 


4. Morphometry of the pituitary PI cells 


The percent area of the cytoplasm occupied by 
the r-ER in mice fed the liquid diet without urea, 
and in animals given the liqud diet supplemented 
with urea increased to 124% and 172% of the 
control value, respectively (Fig. 5). The numerical 
density of Golgi immature granules in mice main- 
tained on the liquid diet, and in those on the liquid 
diet with urea was 143% and 185% of the control 
value, respectively (Fig. 5). On the contrary, the 
numerical density of secretory granules in mice fed 
the liquid diet, and in animals given on the liquid 
diet supplemented with urea decreased to 74% and 
62% of the control value, respecttively (Fig. 5). 


Fic. 3. Part of the pituitary PI cell from control mouse. The cytoplasm is abundant in secretory granules (SG). The 
rough endoplasmic reticulum (ER) is sparse and its cisternae are short and tubular profiles. The Golgi apparatus 


(G) is small and is situated in the vicinity of the indented nucleus (N) 


x 8500. 
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Fic. 4. Part of the pituitary PI cell from mouse fed the liquid diet supplemented with 1% urea for 10 days. Note 
lamellar rough endoplasmic reticulum (ER), extensive Golgi apparatus (G) and sparse secretory granules (SG). 
x 8500. 


3k DISCUSSION 


pe The present morphometric study demonstrated 


that voluntary oral intake of a liquid diet consisting 
of 3% powdered milk in a 5% glucose solution for 
10 days resulted in hypersecretory activity of the 
pars intermedia (PI) cells of the pituitary in male 
mice. The effect was significant in animals fed the 
identical liquid diet supplemented with 1% urea. 
These findings are consistent with our previous 
study on pituitary PI cells of lactating mice sub- 
jected to the copious drinking of a 5% glucose 
solution containing 1% urea [5]. 

Morphometric study at the electron microscopic 
level is advantageous in evaluating the secretory 
activity of the pituitary PI cells because the PI cells 
contain several biologically active peptides drived 
from proopiomelanocortin [6, 7] and which pep- 
tide(s) being released in response to oral urea 


fo r=ER 
wore 32 


Golgi granules 
/ Golgi area (um’) 


Fic. 5. The percent area of the r-ER, the numerical 
density of Golgi immature granules and of secretory 
granules in cells of the pituitary pars intermedia 
from male mice under the conditions indicated at 

normal abscissa. * p<0.01 vs control, ** p<0.001 vs 


milk milk+urea 
control control. 


Secretory granules / pm? 
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administration is not known at present. Mor- 
phometric changes in the percent area of the rough 
endoplasmic reticulum (r-ER), and in the numeric- 
al density of Golgi immature granules and secre- 
tory granules in PI cells reflect quantitatively the 
degree of protein synthesis, granule formation and 
release, respectively. 

We have proposed a hypothesis that the PI 
hormones are respensible for the regulation of 
hydromineral balance in mice [1-4]. Subsequent- 
ly, in vitro studies have confirmed our hypothesis 
by demonstrating that proopiomelanocortin- 
derived PI peptides such as a-MSH [8-10], 8-MSH 
{11, 12], and y-MSH [13-15] at physiological con- 
centrations augmented aldosterone secretion by 
adrenals. 

Although marked hypersecretion of PI cells in 
mice was induced by dietary sodium deficiency [1, 
2] and copious drinking [4], these experimental 
manipulations are unnatural. Accordingly, we 
have made some attempts to find relevant phy- 
siological or pathological conditions under which 
the secretory activity of PI cells are expected to be 
augmented. In this connection, there is a parallel- 
ism between the high blood urea concentration 
and the hypertrophy of the PI in mice with heredit- 
ary nephrogenic diabetes inspidus (DI) [16, 17]. 

An exact causal relationship between exogenous 
urea and the pituitary PI function remains unclear. 
Stimulation of PI cells by exogenous urea observed 
in the present study is probably due to impairment 
of hypothalamic inhibitory control over the PI, the 
principal inhibitory factor being dopamine [18]. In 
a separate experiment, the serum sodium concen- 
tration showed no significant change in male mice 
fed with pelleted food containing 24% urea for 10 
days (unpublished data). Thus, oral urea stimula- 
tion of PI cells could be mediated by factors other 
than the low sodium blood level. Neither hema- 
tocrit nor plasma osmolality levels could explain 
the effect of urea on PI cells in mice because there 
were no significant differences between the two 
experimental groups. 

The present study suggests that the PI hormones 
may be involved in the regulation of excess blood 
urea as well as the regulation of hydro-mineral 
balance stated elsewhere [1-4]. Further studies 
are now in progress. 
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Distribution of Methionine-Enkephalin-Like and FMRFamide-Like 
Immunoreactivities in the Central Nervous System (Including 
Dorsal Bodies) of the Snail Helix aspersa Miller 
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KHALID MOUNZIH and CLAUDE COLARD 


Laboratoire de Zoologie et Embryologie, SDI CNRS 6319, Faculté des Sciences, 
place Leclerc, 25030 Besancon Cedex, France 


ABSTRACT— We investigated the immunocyto-localization of methonine-enkephalin and of FMRFa- 
mide in the central nervous system and in the dorsal bodies of adult snails Helix aspersa. 

The results summarized on maps demonstrate that: 

1) Methionine-enkephalin- and FMRFamide-like substances are detected in many neurons of all 


ganglia. They are never colocalized. 


2) The areas of supra- and subesophageal methionine-enkephalin positive dorsal bodies are 
innervated by a network of FMRFamide positive fibers, which contain immunogold positive granules 
and establish close contacts with the dorsal-body cells. 

The extensive distribution of methionine-enkephalin- and FMRFamide fibers and cells of various sizes 
suggests that these peptides play different functions in the nervous system. A special attention is paid to 
the control of the dorsal bodies according to previous functional results. 


INTRODUCTION 


In Helix aspersa, as in other Stylommatophora, 
the central nervous system (CNS) is built up of 9 
ganglia surrounded by a connective tissue sheath, 
the perineurium, which contains non-nervous en- 
docrine cells, the so-called dorsal bodies. 

The neurosecretory cells of the circumesopha- 
geal ganglia have been studied by classical 
methods (chrome-haematoxylin, paraldehyde- 
fuchsin) [1] and by the alcian blue-alcian yellow 
technic [2, 3]. The use of immunocytochemistry 
has recently given complementary information and 
may help to define neuronal sub-populations. 
Moreover the supra- and sub-esophageal localiza- 
tion of the dorsal body cells has been made more 
precise by their immunoreactivity with antibodies 
to methionine-enkephalin [4]. However it is well 
established that the dorsal bodies of Helix aspersa 
are endocrine organs which control vitellogenesis 
and the synthetic activity of the female accessory 
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organs [5-8], but the hormones of the dorsal 
bodies have not yet been identified. They are 
under inhibitory nervous control, as demonstrated 
by in vivo and in vitro experiments [6, 8-10], and 
their innervation probably originates from the 
Cerebral Green Cells (CeGC). 

There have been some papers reporting the 
existence of methionine-enkephalin [11] and 
FMRFamide [12, 13] immunoreactivities in Helix 
CNS. The present paper compares the distribution 
of substances related to these both peptides in the 
CNS of Helix aspersa. It points out the abundance 
of neurons with immunoreactivity like that of 
either peptide, the abundance of axons innervating 
the dorsal body areas and their immunoreactivity 
mainly to anti-FMRFamide. 


MATERIALS AND METHODS 


Animals 


Adult snails were bred under controlled artificial 
conditions (long-day light cycles 18 hr L-6 hr D, at 
20°C and 90% relative humidity) and fed ad libi- 
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tum in the Centre Universitaire d’Héliciculture de 
Besancon. 

All of the animals used in these investigations 
(10) were sexually active and were sacrificed just 
before mating. 


Methods 


The circumesophageal nerve rings were excised 
and immediately immersed in Bouin-Hollande 
fixative (+10% HgCl,) for 24 hours. The 6 um 
paraffin sections were processed for immunocy- 
tochemistry, as described previously, by the three 
step method [4, 14-16] involving the peroxidase- 
anti-peroxidase method [17]. Pieces of connective 
tissue containing dorsal body cells were removed 
dorso-frontally to cerebral ganglia, fixed for 2 hr in 
a mixture of 2% glutaraldehyde, 0.1M sodium 
cacodylate, 0.17 M NaCl (1v/1v/1v), washed over- 
night in 0.1M buffer and embedded in epon- 
araldite. The ultrathin sections were treated by the 
immunoglod method as reported earlier [18]. 

The primary antibodies were raised in rabbits to 
the carboxy terminals of synthetic methionine- 
enkephalin and FMRFamide and were used in 
final dilutions of respectively 1/3000 and 1/8000. 
These antibodies were prepared and maintained in 
our laboratory [14, 19]. The two antibodies do not 
cross-react and are specific to the antigen they 
were directed to [20]. In any case, the structural 
similarities between the two peptides led us to 
compare adjacent sections in order to determine 
whether peptides related to, or similar to, 
methionine-enkephalin and FMRFamide are col- 
ocalized. 

Two maps of the intra- and extra-ganglionary 
localization of immunoreactive structures were 
drawn by projecting each of them on to the same 
sketch. Particular attention was given to the 
CeGC [3] in order to establish the origin of the 
nervous fibers innervating different areas in the 
vicinity of the ganglia. 


RESULTS 


Intra-ganglionic immunoreactive structures 


Observations of serial sections of entire nervous 
systems have shown a lot of immunoreactive peri- 


karya and fibers in the different ganglia, in the 
neuropiles and in the different commissures and 
connectives. 


Methionine-enkephalin immunoreactivity: 
Immunoreactive cells of different sizes were 
observed in all ganglia (Figs. 1, 2). In the cerebral 
ganglia, they are small. Most of them are located 
on the dorsal surface. A few cells of 10 ~m in 
diameter are scattered in the procerebrum, espe- 
cially in the medial and latero-dorsal regions. In 
the metacerebrum, 25-30 um positive cells are 
dispersed dorsally or located along the lateral 
margins of the ganglia. Smaller cells (15-20 um) 
extend along these margins or are concentrated at 
the posterior region of the meta- and mesocereb- 
rum. As for the so-called CeGC, most of them are 
methionine-enkephalin positive (Fig.5), except 
for some which form the lobes on the anterior part 
of mesocerebrum. 

In the subesophageal ganglia, immunoreactive 
cells are interspersed with negative cells of similar 
size. Concerning the immunoreactive cells, the 
pleural ganglia exhibit cells of 10 to 15 4m in 
diameter at the fronto-dorsal region and 25-30 ~m 
cells in a more posterior position. The parietal 
ganglia contain big cells, one or two cells of 90-95 
ym and cells of 50 to 60 um at the anterior part, 
cells of 40 um posteriorely. The visceral ganglion 
(Fig. 7) contains cells of various sizes among which 
some big positive cells (up to 100 ~m in diameter) 
located dorsally and ventrally. In the pedal gang- 
lia, a big cell (70 wm) occurs on each side of the 
midline on the anterior ventral part and many cells 
of 40-50 um form groups especially on the ventral 
surface. 


FMRFamide immunoreactivity: Up to 250 
immunoreactive perikarya were counted in the 
ganglia and many fibers were seen in the connec- 
tives and commissures (Figs. 3, 4). In the cerebral 
ganglia, cells of various sizes are abundant in the 
meta- and mesocerebrum. In each mesocerebrum, 
a big immunoreactive cell (80 4m) is located just 
posterior to the inner part of the cerebral lobe. In 
the CeGC area, many cells of medium size (40-50 
ym) stain positively with the anti-FMRFamide 
serum. They send axons in different directions, 
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Fics. 1-4. Maps of dorsal (Figs. 1, 3) and ventral (Figs. 2, 4) halves of central nervous systems of Helix aspersa. The 
perikarya (irregular circles) and fibers (dots and short lines) immunoreactive to anti-methionine-enkephalin (Figs. 
1, 2) or anti-FMRFamide (Figs. 3, 4) are shown. C: cerebral ganglia; CeGC: cerebral green cells; DBa: dorsal 
bodies area; P: pedal ganglia; PA: parietal ganglia; PL: pleural ganglia, V: visceral ganglion. 70. 
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but particularly through the intercerebral commis- 
sure (Fig. 12). The biggest perikarya (100-120 
yum) are located ventrally in the visceral and 
parietal ganglia (Fig. 4). Whatever the conditions, 
there are little variations of the numbers of 
FMRFamide positive cells in all ganglia and espe- 
cially in the two mesocerebral lobes which never 
contain FMRFamide positive perikarya. Adjacent 
sections treated either with anti-methionine- 
enkephalin or with anti-FMRFamide show that the 
two peptides are never colocalized (Figs. 5, 6,7, 8, 
9, 10). 


Extra-ganglionic immunoreactive structures 


Methionine-enkephalin immunoreactivity: 

The intra-connective endocrine cells (dorsal 
bodies) scattered in the vicinity of the anterior part 
of the supra- and subesophageal ganglia specifical- 
ly bind the anti-methionine-enkephalin (Fig. 9). 
Sometimes, a large positive fiber is seen among 
them in the supra-esophageal area (Fig. 11). We 
have never observed methionine-enkephalin im- 
munoreactive fibers in the subesophageal area. 


FMRFamide immunoreactivity: Numerous 
small immunoreactive fibers are visible among, 
and often in contact with, the dorsal body cells in 
the supra- (Figs. 10, 13, 14) as well as in the 
subesophageal (Figs. 15, 16) perineurium of the 
central nervous system. They form a wide spread 
network in the dorsal body area. The use of 
immunogold technique confirms at the ultras- 
tructural level the presence of FMRFamide-like 
substances in many nerves of the dorsal body area 
(Fig. 17) and in contact zones (synapse-like struc- 
tures) between these nerves and the dorsal body 
cells (Fig. 18). 


Fics. 5-10. Immunocytochemical detection of methionine-enkephalin (Figs. 5, 7, 9) and FMRFamide-like material 


DISCUSSION 

This study shows the important distribution of 
two substances immunologically detected with 
antibodies to, respectively, methionine-enkephalin 
and FMRFamide in perikarya and fibers of the 
central nervous system of Helix aspersa. It 
confirms previous observations made on different 
organs (aorta, gonad, nervous ring) [14, 15, 19, 
21]. It also shows that methionine-enkephalin- and 
FMRFamide-like substances are never colocal- 
ized, either in the neurons, or in the dorsal bodies. 
At the present time, all the animals observed in 
any physiological situation (young, adult, before 
or after mating) never colocalize methionine- 
enkephalin and FMRFamide in their neurons. 

In comparison with histochemical data, im- 
munocytochemistry gives additional information: 
e.g., some unstained cells in the pedal ganglia [3] 
are immunoreactive and are probably neurosecre- 
tory cells. Concerning the CeGC, the distribution 
of immunoreactive cells partially overlaps the dis- 
tribution of alcian blue-alcian yellow positive cells. 
Immunocytochemistry however demonstrates the 
heterogeneity of the CeGC groups as some cells 
are methionine-enkephalin positive, other are 
FMRFamide immunoreactive and other are nega- 
tive toward both antibodies; moreover the occurr- 
ence of insulin-related substances in these cells has 
been recently reported [22, 23]. This is worth 
pursuing in depth (for example by electron micros- 
copy), so that an exact typology can be made. 

The large number of immunoreactive fibers and 
perikarya of various sizes in all ganglia probably 
reflects the diversity of functions of methionine- 
enkephalin- and FMRFamide-like substances in 
Helix. In molluscs, FMRFamide and related subst- 
ances are known to play physiological roles in 
various tissues (cardiac and non cardiac muscles, 
nervous system, glands) and to act as neurotrans- 


(Figs. 6, 8, 10) in the supra-esophageal (Figs. 5, 6), the subesophageal ganglia (Figs. 7, 8) and the dorsal bodies 
area located near the cerebral ganglia (Figs. 9, 10). (The arrows show the same area on adjacent sections). Figs. 


5,6. Adjacent sections to compare the localization of the immunoreactivity in the CeGC. 


x 290. Figs. 7, 8. 


Adjacent sections of the visceral ganglion. 460. Neither the cerebral ganglia nor the visceral ganglion contain 
cells in which immunochemical staining for the two peptides-like is colocalized (Figs. 5, 6 and 7,8). Fig. 9. The 
dorsal body cells are methionine-enkephalin immunoreactive. 460. Fig. 10. The dorsal body cells do not react 


with the antibody raised against FMRFamide but they are innervated by FMRFamide positive fibers 


xX ARO. 
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mitters-neuromodulators in the central nervous 
system, as neuro-muscular transmitters or as 
neurohormones [see 24-26]. Methionine-enke- 
phalin, on the other hand, is involved in several 
processes such as locomotion, thermoregulation, 
pain resistance and immunomodulation [see 18}. 
Whereas the dorsal body cells of Limax max- 
imus are immunoreactive to antisera exhibiting 
specificity for the C-terminal end of FMRFamide 
[27], those of Helix aspersa do not give positive 
reaction with our antiserum also raised against the 
C-terminal of FMRFamide. This divergent results 
might be due to the use of different polyclonal 
antisera or to specific differences in the secretion 
products of the dorsal body cells. The dorsal 
bodies of Helix give a very strong reaction with an 
antibody to methionine-enkephalin. Moreover, an 
important network of FMRFamide positive fibers 
is revealed, by immunocytochemistry, in the sup- 
ra- as well as in the subesophageal dorsal body 
area. The supra-esophageal dorsal bodies seem to 
be controlled in part by FMRFamide-like subst- 
ances, since synthetic FMRFamide and 
pQDPFLRFamide inhibit their in vitro protein 
synthesis [20, 28] and since FMRFamide-like sub- 
stances are present in granules of many nerves and 
synapse-like structures of the dorsal body area 
[29]. The CeGC might exert this inhibitory control 
[10] and the present results are consistent with this 
notion because many CeGC are FMRFamide posi- 
tive. However, our results further do not exclude 
the possibility that FMRFamide positive cells from 
other neuronal groups are also involved in the 
innervation of this area. In the same way it is 


Fic. 11. 


logical to think that the majority of the FMRFa- 
mide positive fibers innervating the subesophageal 
dorsal bodies originate from the subesophageal 
ganglia as suggested by immunocytochemistry. 

Finally, the nervous control of dorsal body cells 
is probably more complex than expected, particu- 
larly since we have revealed methionine- 
enkephalin positive fibers in the dorsal bodies in 
addition to FMRFamide positive ones; more re- 
cently Van Minnen and Schallig [22] have de- 
scribed MIP-(Molluscan Insulin Peptide) im- 
munoreactive fibers in close association with the 
dorsal body cells of Helix. 

In any case, it is difficult to follow the pathway 
of fibers from their origin to their end on serial 
sections treated by the immunocytochemical tech- 
nics. Intraneuronal injections of lucifer yellow or 
other fluorescent substances will be helpful to 
precise where the dorsal bodies innervation comes 
from. 
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The Effect of Cage-Mates on Aggression in Male Mice 
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ABSTRACT—Male ICR-strain laboratory mice (Mus domesticus) which had been reared with a 
castrated male from 35 to 105 days of age were paired with male mice which had been reared with an 
intact male from 35 to 105 days of age. Males reared with a casteated male dominated males reared 
with an intact male, and the former behaved more aggressively towards castrated males than the 
latter. 

Males reared with a castrated male until 70 days of age and then reared with an intact male were 
paired with males which had been reared in the reverse order. The former dominated the latter. The 
result suggests that cage-mates under 70 days of age are important to determine social dominance. 

Aggressiveness of males reared with a castrated male in cages which were devided into two 
compartments by a wire gauze wall was investigated. Males which grew up in a cage where the other 
compartment was kept empty dominated males which grew up with another pair over the wall. The 


result suggests that intact males affect cage-mates without physical contact. 


INTRODUCTION 


It is well known that rearing conditions affect 
the aggressiveness of male mice [1, 2]. When male 
mice are isolated from other males, they become 
more aggressive than collectively housed mice [1- 
4]. Individual housing, however, induces not only 
aggression but also other behavioral and physiolo- 
gical changes. Isolated mice show hyper-reaction 
to stimuli [5, 6]. This does not appear in collective- 
ly housed mice (irrespective of their social status). 
A difference is also found in the levels of some 
hormones [7, 8]. It is still unknown whether the 
isolation causes the aggressive beharior directly or 
increases aggressiveness as the result of physiolo- 
gical changes. Namikas et al. [9] found that males 
reared as the only male among five litter females 
became more aggressive than those reared with 
five males. This suggests that aggressiveness can 
also be induced without isolation. 

There are various reports concerning the effects 
of cage-mates. Lagerspetz and Sandnabba [10] 
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report that aggressiveness is reduced by encoun- 
ters between cage-mates. Some investigators, 
however, consider that nontactile stimuli such as 
olfactory substances cause the reduction in aggres- 
sion [3, 11]. 

In the present study, intact and castrated males 
were used to investigate the effects of cage-mates, 
the period of sensitivity to the cage-mate and the 
properties of the stimulus involved. 


MATERIALS AND METHODS 


Mice of the ICR-JCL strain were housed at 22 + 
1°C (humidity 50+3%) under a 14L-10D light 
cycle. At 35 days of age, each of 22 intact male 
mice, designated “C-mates”, was housed with a 
castrated male of the same age (35 days old) in a 
plastic cage measring 16% 23% 12cm. Another 22 
intact males, designated “I-mates”, were allocated 
into 11 pairs and used as subjects which had been 
reared with an intact male. The animals were put 
into a clean cage every week until they reached 105 
days, and then they were housed individually and 
exposed to strange male odor for two wecks. 
During the period all the males were moved every 
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day except the 7th day to different cages which had 
previously contained a strange intact male. On the 
7th day of isolation, all the cages were exchanged 
for clean ones. After the 2-week isolation, 10 out 
of 22 C-mate males were tested with 10 I-mate 
males. Behavioral tests were conducted in a box 
(20 x 30x 12 cm) which was made of plastic with a 
wire lid and divided into two compartments by a 
plastic wall. Each C-mate male was put into one 
compartment and an I-mate in the other for 10 min 
and then the wall was removed for 20 min during 
which aggressive behavior was observed to discern 
dominant-subordinate relationship. 

The other 12 C-mate and 12 I-mate males were 
each tested with a castrated male. After the 
2-week isolation, each male was put into a clean 
plastic cage measuring 22 x 15x12 cm with a wire 
lid for 30 min, and then a strange 119 day old 
castrated male which had been castrated at 35 days 
was introduced into the cage for 20 min. Aggres- 
sive behavior during the period was recorded. 

The effect of the cage-mate was further investi- 
gated through two additional tests. In the first of 
these, 10 males reared with a castrated male from 
35 to 70 days of age and with an intact male from 
70 to 105 days of age were compared with 10 males 
reared with an intact male from 35 to 70 days of 
age and with a castrated male from 70 tp 105 days 
of age. The former was designated as C-I and the 
latter as I-C. After the 2-week isolation, compari- 
sons were made between I-C and C-I males, as the 
test between I-mates and C-mates. 

The second test, which was intended to investi- 
gate the nature of the stimulus from the cage-mate, 
involved males which had grown up in cages (16 x 
23x12cm) partitioned longitudinally into two 
similar compartments by a wire gauze wall. Each 
male of one group (N=9), designated ‘“No- 
neighbor”, was housed with a castrated male in 
one of the compartments, and the other compart- 
ment was kept empty. Each male of the other 
group (N=9), designated “Neighbor”, was also 
reared with a castrated male but the neighboring 
compartment housed another intact male and cas- 
trated male. Thus the Neighbor group comprised 
two pairs of intact and castrated male in a single 
partitioned cage until 105 days of age. After the 
2-week isolation, No-neighbor males were tested 


with Neighbor males as the test between I-mates 
and C-mates. 

The behavioral categories noted were Attack 
and Fight. “Attack” refers to one-sided aggressive 
behavior from a specified individual, including 
rough grooming, chasing and biting without any 
counterattack from the other male. “Fight” indi- 
cates reciprocal aggressive action with neither 
mouse appearing to dominate the other. Fight 
usually includes mutual biting or wrestling. A 
fighting or attacking bout was considered to end 
when the animals parted from each other. 

The male which made the more Attacks of the 
two was defined as the winner. There were very 
rare cases where both males initiated Attacks. 
Statistical significance was evaluated by the YX test 
or Mann-Whitney U test. Videotape recorders 
were used to confirm the observations. 


RESULTS AND DISCUSSION 


The win-loss records are shown in Table 1. Nine 
C-mate males dominated I-mate males and one 
pair showed only Fight (77=9.0, P<0.01). In test 
between intact males and castrated males, cas- 
trated males did not show any aggressive activity. 
Therefore, numbers of Attacks shown by C-mate 
males and I-mate males were compaired. C-mate 
males showed more frequent Attacks towards a 
castrated male than I-mate males did. The mean 
number (+SE) of Attacks was 15.7+3.5 by the 
former and 4.7+1.8 by the latter (Mann-Whitney 
Uitesenw IZ R—qis0iy)r 

The results of two other comparison are also 
shown in Table 1. Nine C-I males were apt to 
dominate I-C males and one pair ended in a tie ( 7” 
=9.0, P<0.01). All the Neighbor males were 
dominated by No-neighbor males (77=7.0, P< 
0.01). 


TABLE 1. Dominant-subordinate relationships be- 
tween groups 


No. of Subject 


Subject Ooopnent N 

won tie lost 
C-mate I-mate LORS 1 OF PeOr0n 
C-I I-C IQ 1 0 =P070 
No-neighbor Neighbor 7 7 0 0 POrUi 
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The fact that C-mate males dominated I-mate 
males and behaved more aggressively towards 
castrated males seems to imply that intact males 
reduce the aggressiveness of cage-mates. Lagers- 
petz and Sandnabba [10] proposed that aggressive 
behavior towards cage-mates provokes counterat- 
tacks which punish the aggressive behavior and 
that the males thereby learn to restrain their 
attacks on other males. In the present experiment, 
however, all the I-mate males were concurrently 
cage-mates of an other I-mate male. Therefore, 
about half of the males were probably dominant 
before testing [12]. Considering that the subordin- 
ates did not counterattack, it can hardly be thought 
that these dominant males restrained their aggres- 
sive behavior because of the counterattack of a 
subordinate cage-mate. 

The comparison between No-neighbor and 
Neighbor males seems to indicate one of the 
factor(s) which made C-mate males dominate I- 
mate males. The Neighbor males which became 
subordinate to No-neighbor males had not physical 
contact with adjacent intact males. Therefore, 
something other than tactile stimuli from adjacent 
intact males must have diminished their aggressive 
responses towards the strange males. Hammour ef 
al. [3] found that males which had been separated 
by a solid stainless steel wall were more aggressive 
towars a standard opponent than males which have 
been separated by a perforated zinc wall, and that 
males separated by a perforated zinc wall are more 
aggressive that males reared with cage-mates. 
Kimelman and Lubow [11] reported that exposure 
to a strange male odor prior to a test reduced 
aggressiveness. They presented the odor of the 
same individual for one hour a day from 50 to 100 
days of age. Although both authors housed mice 
individually for more than 50 days, their results 
suggest that male odor reduces aggressiveness in 
males. 

Olfactory stimuli have another effect on male 
mice. Some workers have reported that a strange 
male odor enhances the aggressiveness of adult 
males [13-14]. Male mice in the present experi- 
ment were also isolated in cages stained by strange 
males from 105 to 119 days of age in order to 
increase their aggressiveness [15]. Considering the 
comparison between No-neighbor and Neighbor 


males, the male odor may affect conspecifics in 
different ways according to the age of the reci- 
pients and/or duration of exposure to the odor. It 
is possible that I-mate and Neighbor males become 
used to a male odor as they grow up, and that a 
strange male odor may stimulate C-mate and No- 
neighbor males more effectively than I-mate and 
Neighbor males, and that this difference produces 
the dominant-subordinate relationships. 

The result of the comparison of C-I and I-C 
males seems to imply the existence of a sensitive 
period. A cage-mate before 70 days of age has a 
greater effect on future aggressiveness than a 
cage-mate after that age. Similar results were 
reported by Cairns et al. [5]. They found that 
isolation after 84 days of age is less effective in 
inducing aggressiveness than isolation from 28, 35 
or 56 days of age. Intact male cage-mates before 
weaning also have a strong effect [9, 16]. 

Although in the present experiment males 
reared with a castrated male behaved like indi- 
vidually housed males, their physiological state 
and the biological implications of rearing with a 
castrated male are still not fully understood. These 
issues are currently being investigated. 
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ABSTRACT—Changes in ovarian ecdysteroids in association with molting and gonadal developemnt 
were investigated by high performance liquid chromatography and radioimmunoassay in Macro- 
brachium rosenbergti. The reproductive molt cycle was synchronized with vitellogenesis, during which 
gonadosomatic index (GSI) increased from basal values of 0.41 to 8.73 immediately prior to molting. 
Throughout the common molt cycle, oocytes remained in a previtellogenic state and increases in GSI 
were not observed. During stages Co-Do, ovarian ecdysteroid concentrations were approximately 1-2 
ng/g tissue. At premolt stage D3, concentrations during the reproductive molt cycle (22.9 ng/g) reached 
values 2-fold greater than those during the common molt cycle (11.4 ng/g). Following reproductive 
molting, peak ecdysteroid concentrations and high GSI values were maintained until spawning. This 
indicates that ecdysteroids were accumulated in maturing ovaries in conjunction with the uptake of yolk 
substances. In contrast, following common molting, ecdysteroid concentrations returned immediately 
to basal levels of 1.0 ng/g, suggesting that ecdysteroids detected in ovaries during the common molt 
cycle were due to the presence of circulating hemolymph ecdysteroids. During both molt cycles, major 
ecdysteroid groups were 20-hydroxyecdysone and immunoreactive high-polarity products, with lesser 
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amounts of ecdysone, inokosterone, and immunoreactive low-polarity products. 


INTRODUCTION 


Work in insect endocrinology in the 1950's 
firmly established the identity of 20-hydroxy- 
ecdysone as the molting hormone. However, with 
findings that ecdysteroids are present in adult 
insects (in which molting has ceased) and are 
generally confined to the ovaries prior to egg- 
laying [1], a role for ecdysteroids in reproduction 
became an area of focus [2]. In Crustacea, in 
which a number of species continue to molt in 
synchrony with ovulation and spawning through- 
out reproductive adulthood, ecdysteroid hormones 
have long been considered to play an additional 
simultaneous role in the control of ovarian matura- 
tion [3, 4]. 

In insects, ecdysteroids are in general synthe- 
sized in the follicle cell epithelium [2, 5, 6] and 
accumulated in the ovarian follicles [7]. Evidence 
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exists that ecdysteroids trigger meiotic reinitiation 
in the locust Locusta migratoria [8, 9], the cricket, 
Gryllus bimaculatus [10], the cockroach, Peri- 
planeta americana [10], and the shrimp, Palaemon 
serratus {11, 12] and stimulate vitellogenesis in the 
fleshfly, Sarcophaga bullata [13], and the isopod 
crustacean, Porcellio dilatatus {14]. In P. serratus, 
Lanot and Clédon [15] have revealed that the 
process of oocyte development is closely linked 
with the molt cycle, with germinal vesicle break- 
down (GVBD) occurring at specific molt stages; 
this is correlated to increases in Ovarian ecdyster- 
oids, and is followed by exuviation [12, 15]. 

We have previously investigated ecdysteroid 
levels during embryogenesis in another palaemon- 
id species, Macrobrachium rosenbergii, revealing 
that ecdysteroids are present in newly-laid eggs 
and post-vitellogenic ovaries [16]. Thus, we consid- 
ered the possibility that in this species as well, 
oocyte development progresses with the molt cycle 
in association with the accumulation of ecdyster- 
oids in ovaries, prior to oviposition. Ecdysteroid 
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determinations and_ histological studies were 
undertaken on M. rosenbergii at every stage of 
both the reproductive molt cycle (mating and 
spawning following ecdysis), and the common molt 
cycle (ecdysis only). As ovarian ecdysteroid levels 
have also been investigated in the crabs, Acan- 
thonyx lunulatus [17], and Carcinus maenas [{18, 
19], the amphipod, Orchestia gammarellus [20], 
and in P. serratus [15], the results of the present 
investigation are compared to previous reports. 


MATERIALS AND METHODS 


Sampling 

Macrobrachium rosenbergii (body weight 12-36 
g) were obtained from a commercial prawn culture 
farm in Osaka, Japan, and were maintained at 
28°C (molt cycle approximately 28 days). Prior to 
sampling of ovaries, animals were staged according 
to molt stage criterion developed by Han [21] for 
Indi- 
viduals were sacrificed at each molt stage, corre- 
sponding to both the reproductive molt cycle (visi- 
ble development of the ovaries; enlarged and 
orange in appearance as viewed through the cara- 
pace) and common molt cycle (no visible ovarian 
development); body weight was determined, ova- 
ries were quickly excised, and gonadosomatic in- 
dex (GSI=gonad weight x 100/body weight) was 
determined. A small portion of ovarian tissue was 
taken for histological investigations, and the re- 
maining tissue was immediately frozen at —80°C 
and stored at —30°C until further analysis. 


application to Macrobrachium nipponese. 


Histology 


Histological studies were employed to confirm 
the extent of vitellogenesis in ovaries as a function 
of molt stage. Ovarian tissue was fixed for 24-48 
hrs in Bouin’s solution and subsequently dehy- 
drated through several steps of increasing alcohol 
concentration. Tissues were then embedded in 
paraffin, sectioned to 5-7 um, and stained with 
hematoxylin-eosin. Ovarian maturational stages 
were classified in reference to those of Fauvel [22] 
for M. rosenbergii and those of Han [21] for M. 
nipponese. 


Ecdysteroid extraction and radioimmunoassay 
(RIA) 


Extraction of ovarian tissue was performed as in 
the extraction of egg ecdysteroid [16], i.e., 
homogenization in methanol, and partitioning be- 
tween chloroform/distilled water, and n-hexane/ 
distilled water. For mature ovaries, 200-300 mg of 
tissue was utilized per individual. For immature 
ovaries, due to size and expected low ecdysteroid 
levels, same-stage samples (5—7 individuals per 
stage) were combined (amounting to as much as 
400 mg), and subsequently extracted. All extracts 
(in water) were evaporated under reduced press- 
ure, and the resultant residue was dissolved in 
Gel-PBS (0.02 M Phosphate buffer, pH 7.5, con- 
taining 0.1% gelatin, 0.14M NaCl, and 0.1% 
sodium azide) for use in RIA. 

RIA was performed as in Okumura et al. [23] 
and in Wilder et al. [16]. Antiserum (raised against 
the 2-, 3- and 22-monohemisuccinates of 20- 
hydroxyecdysone conjugated to human serum 
albumin) was kindly provided by Dr. Masao 
Nagata, The University of Tokyo. Briefly, samples 
(as above), or 20-hydroxyecdysone standards (2- 
fold serial dilution, 78—40000 pg/ml) in Gel-PBS, 
were taken in aliquots, and incubated with rabbit 
anti-20-hydroxyecdysone serum. This was fol- 
lowed by addition of tritium-labeled ecdysone 
(7000 cpm; New England Nuclear, Ltd.) and a 
second incubation of 24 hrs. Next, goat anti-rabbit 
IgG serum was added to aliquots, and then incu- 
bated for 24 hrs. Lastly, aliquots were centrifuged 
(3200 rpm, 30 min, 4°C), after which supernatant 
was discarded by aspiration. Upon addition of 
Liquiflour scintillator/Triton X-100 (2:1) to ali- 
quots, ovarian ecdysteroid concentration as 20- 
hydroxyecdysone immunoreactive equivalents was 
determined. 


High performance liquid chromatography (HPLC) 


The total ecdysteroid profile for ovarian ecdy- 
steroids corresponding to both molt cycles was 
obtained according to RIA as above; subsequent- 
ly, individual extracts in Gel-PBS corresponding to 
the reproductive molt cycle were pooled stage-wise 
(5-6 per stage), and prepared for HPLC as de- 
scribed previously [16]. Low ecdysteroid concen- 
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trations and small GSI values of common-molt 
cycle ovaries did not permit HPLC analysis of all 
stages. The ecdysteroid extract of ovaries of stage 
D; only of the common molt cycle was prepared 
for and subjected to HPLC as a means of compari- 
son to the ecdysteroids of the reproductive molt 
cycle. 

Ecdysteroids were separated by reversed-phase 
HPLC (ODS-80TM, 4.6250 mm, Tosoh Co., 
Ltd.) on two solvent phases consisting of 
methanol/acetonitrile/water. Solvent A (10:15: 
75) was run for 23 min, switching to a linear 
gradient reaching Solvent B (55:5:45) after 32 
additional minutes. Fractions were collected every 
30 sec, at a flow rate of 1.0 ml/min. Fractions were 
subsequently dried under reduced pressure, dis- 
solved in Gel-PBS and subjected to RIA analysis. 

Additionally, early-eluting immunoreactive 
fractions (high-polarity products; see Results) 
were further characterized for stage D3 of the 
reproductive molt cycle by additional reversed- 
phase separation (on ODS-80TM column as 
above). Gradient elution (8%-40% CH;3CN in 20 
mM Tris/HCIO, buffer, pH 7.5 in 60 min) was 
performed as in Lafont ef al. [24]. Fractions were 
collected at 30 sec intervals at a flow rate of 0.8 ml/ 
min and subjected to RIA analysis as above. 
Reference compounds [*H]-20-hydroxyecdysonoic 
acid, [*H]-ecdysonoic acid, and [*H]-20,26- 
dihydroxyecdysone were the generous gifts of Dr. 
René Lafont, Ecole Normale Supérieure. 


Statistics 
Statistical analysis was done by the Kruskal- 


Reproductive 
Molt 


10 


Gonadosomatic Index (GSI) % 


Ce Cc: Do D: D: D3 A 
Molt Stage 


spawning 


Wallis test followed by Dunn’s method. 


RESULTS 


Examination of molt stage and extent of ovarian 
development 

Changes in GSI are shown in Fig. 1. The GSI 
during the common molt cycle remained fairly 
constant (0.37+0.04 to 0.53+0.10). During this 
entire cycle, oocytes remained in a previtellogenic 
stage, as described by Han [21]. In such oocytes, 
the cytoplasm was basophilic, and the nucleoli 
were clearly visible within the nucleus. Histologic- 
al observation revealed that a disparity in the stage 
of oocyte development between the reproductive 
and common molt cycle was first apparent at molt 
stage C,; the GSI corresponding to the reproduc- 
tive molt cycle (3.14+0.63) began to depart from 
that of the common molt cycle (0.48 +0.03) at this 
stage. Ovaries of individuals at stage C; of the 
reproductive molt cycle had progressed to the 
latter stages of secondary vitellogenesis, in which 
the oocytes were completely filled with yolk glo- 
bules. However, a few individuals exhibited ovar- 
ies which had just begun secondary vitellogenesis, 
in that yolk globules were seen only around the 
inside of the oocyte membrane. 

From stage C; to D; of the reproductive molt 
cycle, further maturation of the oocytes was 
observed, with the nucleus becoming condensed tn 
appearance, and the pre-molting GSI reaching 
8.73+0.82 (significantly higher than that of stage 
C, at p<0.01). In mature oocytes at molt stage 


Fic. 1. Changes in gonadosomatic index 
during the reproductive and common 
molt cycles. Reproductive molt cycle 
(@—®@); common molt cycle (-—_). 
Values expressed as mean+SEM. 
Molt type indistinguishable at stage 
Cy. Reproductive molt cycle post- 
molt stage B histologically distinguish- 
able from common post-molt stage B 
by presence of some unspawned eggs 
Number of individuals sampled ts indi- 
cated in the figure. 
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D3, while the nucleus stained basophilic and re- 
mained in its central location, the nucleoli had 
become no longer visible. Following molting, GSI 
in stage A was maintained at 9.00+0.36. GVBD 
had apparently occurred, as chromosomes in 
metaphase were observed at the oocyte periphery. 
This was immediately followed by spawning, after 
which GSI values returned to nearly basal levels of 
0.56+0.06 in post-reproductive molt stage B. 
However, histological observation revealed the 
presence of some unspawned eggs. 


Ovarian ecdysteroid species present during the molt 
cycle 


Ecdysteroid extracts from stages Do, Di, D2, D3 
and A of the reproductive molt cycle and stage D; 
of the common molt cycle were separated on two 
solvent phases consisting of methanol/ 
acetonitrile/water and analysed by RIA. The 
elution pattern corresponding to stage D3 of the 
reproductive molt cycle is shown in Fig. 2 for 
representative purposes. Detected ecdysteroids 
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were 20-hydroxyecdysone, ecdysone, and inoko- 
sterone, as confirmed by identical retention times 
with authentic standards. Additionally, high- 
polarity products (HPP), and low-polarity pro- 
ducts (LPP) eluting prior to 20-hydroxyecdysone 
and subsequent to ecdysone, were also present. 
Regarding the nature of LPP, immunoreactive 
material exhibiting retention times similar to those 
of ponasterone A and 2-deoxyecdysone was de- 
tected, but was not further characterized. HPP 
was detected at all stages examined, eluting as a 
main peak at a retention time of 5 min, and a 
minor peak at a retention time of 10min. The 
nature of HPP has been further examined; these 
results are provided later in this section. Im- 
munoreactive material eluting at retention times 
corresponding to those of makisterone A, or 2- 
deoxy-20-hydroxyecdysone, was not detected. 


Ecdysteroid levels during the molt cycles: quantita- 
tive and qualitative changes 


Quantitative changes in total ecdysteroid con- 


E DO20E PA DOE 


60 70 80 90 100 110 120 


Fic. 2. Detection of ecdysteroid (ECD) species present during the molt cycles. High performance liquid 
chromatography (HPLC) elution pattern shown representatively for stage D3 of the reproductive molt cycle. 
HPLC solvent system (refer to Materials and methods) shown as A (isocratic elution, Solvent A); A+B (linear 
gradient from Solvent A to B), and B (isocratic elution, Solvent B). Results are expressed as percent of total 
ovarian ECD per fraction. Abbreviations of ECD species are as follows: high-polarity products (HPP,, HPP3), 
20-hydroxyecdysone (20E), inokosterone isomers (I,, I,), makisterone A (M), ecdysone (E), 2-deoxy-20- 
hydroxyecdysone (DO20E), ponasterone A (PA), 2-deoxyecdysone (DOE), and low-polarity products (LPP). 
These and all subsequent ecdysteroid determinations were made on the basis of 20E immunoreactive equivalents. 
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centration per gram ovarian tissue was determined 
by RIA for both molt cycles. During the period 
between stages Cy and Do, ecdysteroid levels were 
similar in both the reproductive and common molt 
cycles, decreasing slightly from about 2 ng/g to 1 
ng/g. During the reproductive molt cycle, from 
stage D, (3.1+0.6 ng/g), ovarian ecdysteroid con- 
centrations began to rise, reaching peak levels 
(significant at p<0.01) in stage D3 (22.9+2.2 ng/ 
g), which were sustained after molting through 
stage A (22.9+2.9). Following spawning in stage 
B, concentrations fell to values one-third those of 
stage A; the incomplete return to basal levels was 
attributed to the presence of unspawned eggs in 
the ovaries as revealed by histological observation. 
Although ecdysteroid concentrations were also 
observed to rise during the common molt cycle, 
values attained only half those of the reproductive 
molt cycle. From the D, stage (2.7 ng/g) to the D; 
(11.4 ng/g), a peak was reached, but in contrast to 
the reproductive molt cycle, these concentrations 
returned completely to basal levels following molt- 
ing in stage A. 

During the reproductive molt cycle, the princi- 
pal ecdysteroids were HPP and 20-hydroxy- 
ecdysone, present in nearly equal amounts, in- 
creasing in concentration from stage D;. Also 
during the reproductive molt cycle, ecdysone 
reached relative levels of 10.0% and 7.8% at 
stages D> and D3. Low polarity products were 
detected at stages D> and D; (9.0% and 3.1%, 
respectively). Inokosterone was detected slightly 
at most stages (1.8-4.0%). In common molt stage 
D; ovaries, 20-hydroxyecdysone was somewhat 
prominent over HPP. Ecdysone was detected at 
low levels (1.9%), as was inokosterone (2.7%). 
LPP was 5.7% of total immunoreactivity. Total 
quantitative ecdysteroid levels are shown in con- 
junction with fluctuations in HPP, 20-hydroxy- 
ecdysone, ecdysone, and LPP in Fig. 3. Because 
inoksterone was not greatly detected appreciably 
at any stage, changes in inokosterone are not 
shown for purposes of simplicity. 

The extent of ecdysteroid accumulation per ov- 
ary at any molt stage could be assessed qualitative- 
ly by taking into account GSI and ecdysteroid 
concentration per gram tissue, and assuming an 
Ovarian mass of a prawn of average body weight: 
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Fic. 3. Changes in total ovarian ecdysteroid (ECD) 
concentrations and fluctuations in high-polarity pro- 
ducts (HPP), 20-hydroxyecdysone (20E), ecdysone 
(E), and low-polarity products (LPP) during the 
molt cycles. Fluctuations in inokosterone are not 
shown. Values indicate ng ECD per g wet weight 
ovary (total ECD concentrations during the repro- 
ductive molt cycle expressed as mean+SEM). 
Heavy lines indicate total ECD concentrations dur- 
ing the reproductive molt cycle (@—@) or common 
molt cycle (0—.). Thin lines or symbols only 
indicate 20E (@—@), HPP (~—_), E (4—A), or 
LPP (4—4). Numbers indicate number of samples 
employed in determination of total ECD concentra- 
tions; parentheses indicate stages for which samples 
were combined prior to extraction. 


GSI (%)xECD (ng/g)x25g (Fig. 4). This 
yielded values of ecdysteroid content per ovary at 
50.8+7.5 ng and 51.1+6.0 ng for ovaries of the 
reproductive molt cycle stage D3 and A (significant 
compared to stage C; at p<0.01); in contrast, 
those values corresponding to stages Dy and A of 
the common molt cycle were estimated at only 1.5 
+0.3 ng and 0.12 +0.02 ng. 


Characterization of high polarity products (HPP) 
High-polarity immunoreactive fractions were 
separated on an HPLC solvent system employing a 
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4. Ecdysteroid (ECD) accumulation in maturing 
ovaries during the reproductive molt cycle, and 
ECD content in non-maturing ovaries during the 
common molt cycle. Values indicate ng total ECD 
per ovary per 25 g individual (total ECD per ovary 
during the reproductive molt cycle expressed as 
mean+SEM). Reproductive molt cycle (@—@); 
common molt cycle (O—©). 
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5. Tentative identification of high-polarity prod- 
ucts (HPP). Results are expressed as ng ecdysteroid 
(ECD) per fraction. Abbreviations are as follows: 
20-hydroxyecdysononic acid (20Eoic), ecdysonoic 
acid (Eoic), and 20,26-dihydroxyecdysone (20, 
26E). The HPLC elution pattern shown was 
obtained for HPP from ovarian tissue from stage D3 
of the reproductive molt cycle. 


M. N. WILDER, T. OKUMURA AND K. AIDA 


linear gradient of acetonitrile in Tris/HCIO, buff- 
er. Three major peaks of immunoreactivity were 
detected; these exhibited retention times identical 
to those of 20-hydroxyecdysonoic acid, ecdysonoic 
acid, and 20,26-dihydroxyecdysone (Fig. 5). Two 
minor peaks eluting prior to 20-hydroxyecdysonoic 
acid and between 20-hydroxyecdysonoic acid and 
ecdysonoic acid were also detected; these were not 
further characterized. The three peaks tentatively 
identified as 20-hydroxyecdysonoic acid, ecdyson- 
oic acid, and 20,26-dihydroxyecdysone constituted 
approximately 65%, 20% and 10% of the total 
immunoreactivity of HPP. 


DISCUSSION 


In this investigation, ecdysteroids were present 
in ovaries at low concentrations during the early 
stages of the molt cycle of M. rosenbergii. Howev- 
er, during the reproductive molt cycle, ovarian 
ecdysteroid concentrations were seen to reach 
levels twice that of the common molt cycle and 
were sustained even after molting in stage A. In 
contrast, by stage A of the common molt cycle, 
ecdysteroid concentrations had dropped rapidly to 
basal levels with the completion of molting. This 
indicates that ecdysteroids were accumulated in 
maturing ovaries to the extent of over thirty-fold 
greater than that of ecdysteroid content in ovaries 
of any stage of the common molt cycle. 

A premolt ecdysteroid peak on the order of tens 
of nanograms per milliliter has been demonstrated 
in M. rosenbergii, by Meusy and Payen [4]. In this 
investigation, changes in total ovarian ecdysteroid 
levels during the common molt cycle paralleled 
those normally observed in the hemolymph of 
adult crustacea. These results suggest that ecdy- 
steroids detected in ovaries during the common 
molt cycle were simply present as the result of 
hemolymph flow-through. Regarding the phys- 
iological role of ovarian ecdysteroid accumulation 
during gonadal maturation, a possible function in 
early embryonic events [16] and involvement in 
GVBD are speculated. 

According to HPLC-RIA analysis of M. rosen- 
bergii ovarian ecdysteroids, 20-hydroxyecdysone, 
ecdysone, and inokosterone, as well as high (HPP) 
and low (LPP) polarity immunoreactive substances 
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were detected during both molt cycles. HPP has 
been determined to consist mostly of 20- 
hydroxyecdysonoic acid, followed by ecdysonic 
acid and lesser amounts’ of 20,26- 
dihydroxyecdysone. LPP could not be positively 
identified, but possibly contained ponastarone A 
and 2-deoxyecdysone. Regarding relative amounts 
of ecdysteroid groups, HPP = and_ 20- 
hydroxyecdysone predominated, with less signi- 
ficant amounts of ecdysone, inokosterone, and 
LPP. 20-Hydroxyecdysone is generally thought to 
be the active ecdysteroid in insects and crusta- 
ceans. However, other ecdysteroid species have 
also been determined to have roles in molting and 
reproduction, for example, ponasterone A in crab 
[25]. Related ecdysteroids are considered to have 
complimentary roles in molting and reproduction 
[26]. 

The 26-oic acids and 20,26-dihydroxyecdysone 
have been reported in crustacea to a very limited 
extent [27, 28]. Cross-reactivities to the antisera 
employed in this study for 20-hydroxyecdysone, 
ecdysone, inokosterone, ponasterone A, and 2- 
deoxyecdsone (100%, 93%, 127-128%, 130%, 
4.9%) have been previously reported in Okumura 
et al. [23]; however, cross-reactivities are unknown 
for these HPP compounds. The physiological 
significance of the presence of these compounds in 
the ovaries of M. rosenbergii can not yet be 
speculated upon. In insects, 26-hydroxylation of 
20-hydroxyecdysone to 20,26-dihydroxyecdysone, 
and subsequent conversion to 20-hydroxy- 
ecdysonoic acid, or likewise conversion of ecdy- 
sone to ecdysonoic acid, has been reported as a 
metabolic pathway of active ecdysteroids [24, 29, 
30]. On the other hand, ecdysteroid conjugates 
have been extensively reported in the ovaries of 
insects [31-33]; these substances serve as precur- 
sors to or storage molecules of active ecdysteroids. 

Although relative composition of ecdysteroid 
species present in ovaries differs according to 
species, M. rosenbergii exhibited similarities to 
other crustacea in that ecdysteroid titres were high 
at particular stages of reproductive importance. In 
A. lunulatus, ecdysteroid concentrations are high 
at the beginning of vitellogenesis and at the end of 
oocyte maturation [17], and in C. maenas, ecdys- 
teroid levels increase 4-fold, towards the end of 


ovarian development [18, 19]. However, peak 
ecdysteroid levels in these crabs are on the order of 
hundreds of picomoles per gram tissue; M. rosen- 
bergii levels in the range of tens of nanograms, are 
In P. 
serratus, ovarian 20-hydroxyecdysone levels in- 


five to ten times lower in comparison. 


crease steadily with advance of the molt cycle until 
exuviation [15]; in O. gammarellus, ovaries at the 
end of vitellogenesis contain 20-hydroxyecdysone 
and LPP [206]. 

The physiological role of ecdysteroids accumu- 
lated in ovaries during maturation in crustacea 
appears analagous to that in insectae. In the 
prawn, P. serratus and the locust, L. migratoria, in 
vitro ecdysteroids induce prophase  I-blocked 
oocytes to undergo the firré meiotic reinitiation, 
and complete germinal vesicle breakdown [8, 9, 
11]. Jn vivo, this resumption in both species is 
associated with high ecdysteroid titres in the 
oocytes [15]. As ovarian maturation in M. rosen- 
bergii has been previously documented in detail by 
Fauvel [22], our examination of ovarian develop- 
ment with molt stage has suggested that during the 
reproductive cycle of M. rosenbergii, nuclear se- 
quences progress similarly as in P. serratus [{12]. 
Further investigation is needed in M. rosenbergii 
regarding ovarian ecdysteroids, their involvement 
in GVBD, and their site of production (whether 
secreted by the Y-organ or synthesized by the 
follicle cells). 

Through this investigation, it has been shown 
that ecdysteroids are accumulated in the ovary 
during vitellognesis in the prawn, M. rosenbergii. 
The advancement of vitellogenesis is in synchrony 
with the reproductive molt cycle, culminating in 
high ecdysteroid titres, GVBD, molting, mating, 
and spawning. However, in diecdysic crustacean 
species such as M. rosenbergii, many questions yet 
remain concerning the endocrinological mecha- 
nisms which ensure the synchronization of vitel- 
logenesis and the molt cycle. 
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Thyrotropic Activity of Various Adenohypophyseal 
Hormones of the Bullfrog 
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ABSTRACT— The effects of adenohypophyseal hormones of the bullfrog (Rana catesbeiana) origin on 
the in vitro release of thyroxine (T,) from the thyroid of prometamorphic larvae were studied. The 
bullfrog thyrotropin (TSH) preparation was 4 times as potent as bovine TSH in this model. Bullfrog 
luteinizing hormones (LHs) (I-IV) and follicle-stimulating hormones (FSHs) (I-IV), which were 
classified according to their isoelectric points, were tested for their thyrotropic activity and demons- 
trated about 10-40 and 1.5—3% of the activity of bullfrog TSH respectively. Similar activities were also 
found with LH and FSH preparations separated by immunoaffinity chromatography using monoclonal 
antibodies against the LH-IV ,- and FSH-III -subunits, respectively. Bullfrog prolactin, growth 
hormone and adrenocorticotropic hormone did not stimulate T, release from the thyroid gland into the 
medium. The results are discussed with reference to the known indirect (via the adenohypophysis) 
thyrotropic effects of mammalian thyrotropin-releasing hormone, corticotropin-releasing hormone and 
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luteinizing hormone-releasing hormone. 


INTRODUCTION 


In amphibians, thyroid hormone has long been 
known to be the key hormone which induces 
metamorphic changes. However, the thyrotropic 
activity of amphibian adenohypophyseal hormones 
have not been determined fully, as all the amphi- 
bian thyrotropin (TSH) preparations used were 
contaminated significantly with luteinizing hor- 
mone (LH) or follicle-stimulating hormone (FSH) 
{1, 2] and other adenohypophyseal hormones, 
namely, prolactin (PRL), growth hormone (GH) 
and adrenocorticotropic hormone (ACTH), of 
amphibian origin have never been tested for their 
thyrotropic activity. Recently, we extracted a 
thyrotropic glycoprotein preparation, which is vir- 
tually free of LH and FSH, from the adult bullfrog 
pituitary gland [3]. The thyrotropic activities of 
this preparation and of other hormones (LH, FSH, 
PRL and GH) purified from the pituitary gland of 
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the bullfrog (Rana catesbeiana) |4—7], were studied 
with a homologous bioassay system. The thyrotro- 
pic activity of bullfrog synthetic ACTH also was 
tested. 


MATERIALS AND METHODS 


Hormones 


Bovine (b) TSH was a gift from NIH (NIH- 
TSH-BS5, 2.2 USP »«/mg). The bullfrog (f) TSH 
preparation was obtained from the adenohypo- 
physes according to the method described pre- 
viously [3], and fLHs (I-IV) and fESHs (I-IV), 
which have different isoelectric points (fLH-I, 8.8; 
m90; 11;:9)05 TV; 9.3.0fFSH-1 5.5; 1,'5.7; 011, 
6.2; IV, 6.9) and gonadotropic activities [4, 5], 
were used. Other LH and FSH preparations, 
designated fLH-A and fFSH-A, respectively, 
obtained during the purification of fTSH by im- 
munoaffinity chromatography [3] using monoclon- 
al antibodies against the LH-IV - and FSH-III 
f-snbunits [8, 9], respectively. Bullfrog PRL and 
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fGH were purified from adenohypophyses accord- 
ing to the methods of Yamamoto and Kikuyama 
[6] and of Kobayashi et al. [7] respectively. Bull- 
frog ACTH 1-39 was synthesizsed chemically by 
an automated synthesizer (Applied Biosystems 
Model 431A), according to the amino acid sequ- 
ences of bullfrog a-melanophore-stimulating hor- 
mone (MSH) and corticotropin-like intermediate 
lobe peptide (CLIP) [10]. The adrenocorticotropic 
activity of the synthetic ACTH was assessed by 
measuring the release of aldosterone from the 
bullfrog adrenal tissue in vitro (Iwamuro et al., 
unpublished). 


Asssay for thyrotropic activity 


Bullfrog tadpoles captured in a field were 
acclimatized to laboratory conditions at least for 1 
week before use. A pair of thyroid glands with a 
small portion of the hyoid bone was excised from 
the lower jaw of stage XVIII and XIX larvae [11]. 
The explant was preincubated in 200 «1 Dulbecco’s 
modified Eagle’s medium (GIBCO Laboratories), 
diluted to 66% with D. W., which contained 20 
mM HEPES, 10mM NaHCOs;, 20 mM glucose, 
0.01% streptomycin sulfate, 100 [U/ml penicillin 
and 0.1% BSA (pH7.5), for 1 hr at 22°C under 
95% Or-5% CO, after which the medium was 
renewed. Test substances were added and the 
incubation was continued for 12 or 24hr. Finally, 
the medium was collected and thyroxine (T,) 
concentrations were measured by radioimmunoas- 
say (RIA). Comparison of thyrotropic activities of 
fTSH with other hormones was made using para- 
llel line assay. 


Radioimmunoassay for T4 


Thyroxine concentrations were measured by 
double antibody RIA. In this system, the cross 
reactivities of triiodothyronine (T3), reverse T3, 
monoiodotyrosine and diiodotyrosine were 0.66%, 
0.56%, 0% and 0% respectively. The assay system 
consisted of 200 ul 1% BSA-phosphate buffered 
saline (PBS: 0.01M sodium phosphate, 0.14M 
NaCl and 0.01% merthiolate, pH 7.5), 100 yl stan- 
dard hormone or sample, 100 1 antiserum diluted 
with 1% normal rabbit serum-0.05 M EDTA-PBS 
and 100 41 ‘I-labeled T, (Amersham) in 1% 
BSA-PBS, whichi was incubated overnight. After 


this incubation, 250 wl goat anti-rabbit y-globulin 
serum diluted with 3.5% polyethylene glycol in 
0.05 M EDTA-PBS was added to each tube, and 
incubated for 2 hr, after which the bound !~I- 
labeled hormone was precipitated by centrifuga- 
tion at 3,000 rpm for 15 min and the radioactivity 
was counted in a gamma counter. All these 
procedures were performed at room temperature. 

Statistics. Statistical analysis was performed by 
analysis of variance. 


RESULTS 


Bovine TSH stimulated the in vitro release of T, 
from the thyroid of bullfrog larvae over a 24-hr 
period. After 12 hr incubation, the differences 
between 0.9 ug/ml and 0.3 ng/ml bTSH became 
evident. In the absence of bTSH, the Ty, levels in 
the medium remained extremely low (Fig. 1). Fi- 
gure 2 shows the effects of various concentrations 
of bTSH in the medium on the release of T4, which 
increased in proportion to the concentrations (0.1- 
0.9 ug/ml). 

The response to {TSH was more marked than 
that to bTSH (Fig. 3). The dose-response curve of 
{TSH paralleled that of bTSH. The specific activ- 


80 


60 


40 


20 


T4 released (ng / thyroid gland) 


03 6 12 24 


Incubation time (hr) 


Fic. 1. Effect of bovine (b) TSH on thyroxine release 
from prometamorphic tadpole thyroid glands into 
the culture medium during a 24-hr incubation 
period. Values are means +SEM (n=6). 
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Fic. 4. 
prometamorphic tadpole thyroid glands during a 12-hr incubation period. 
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2. Effects of various concentrations of bovine (b) 
TSH on thyroxine release from prometamorphic 
tadpole thyroid glands incubated for 12 hr in vitro. 
Values are means+SEM (n=6). Those with the 
same superscripts do not differ significantly at the 
5% level. 
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3. Effects of various concentrations of bullfrog (f) 
TSH on thyroxine release from prometamorphic 
tadpole thyroid glands incubated for 12 hr. Values 
are means+SEM (n=6). Those with the same 
superscripts do not differ significantly at the 5% 
level. 
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Fic. 5. Effects of various concentrations of bullfrog 
adenohypophyseal hormones (fLH-A, fFSH-A, 
fPRL, {GH and fACTH) on thyroxine release from 
prometamorphic tadpole thyroid glands during a 
12-hr incubation period. LH and FSH were pre- 
pared by immunoaffinity chromatography. For 
comparison, the values for {TSH shown in Fig. 3. 
are also shown. Values are mean+SEM (n=6). 


ity of fTSH was estimated to be about 4 times 
greater than that of bTSH. 

The fLHs (I-IV) invariably exhibited thyrotro- 
pic activity and parallel line assay revealed that 
they possessed activities of 10-40% of that of 
{TSH (Fig. 4). The fFSHs (I-IV) were far less 
potent than the fLHs in stimulating T, release 
from the thyroid, retaining activities of 1.5-3% of 
that of {TSH (Fig. 4). The thyrotropic activities of 
f{LH-A and fFSH-A, whihc were obtained during 
purification of fTSH by immunoaffinity chroma- 
tography using monoclonal antibodies against the 
fLH-IV £- and fFSH-III f-subunits, respectively, 
also were tested. The fLH-A exhibited thyrotro- 
pic activity of 20% of that of fTSH and that of 
fFSH-A wsa 2% (Fig. 5). Bullfrog PRL, {GH and 
fACTH did not stimulate the T, release (Fig. 5). 


DISCUSSION 


In this study, fTSH, which does not contain any 
measurable LH and FSH [3], exhibited the most 
potent thyrotropic activity of the bullfrog adeno- 
hypophyseal hormones tested. Interestingly, LH 
preparations exhibited a considerable thyrotropic 
activity. Purified gonadotropins are known to have 
an intrinsic ability to stimulate the thyroid glands 
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of heterologous species [12]. According to MacK- 
enzie and Licht [1], three anuran species, namely, 
R. catesbeiana, R. pipiens and Hyla regilla, showed 
a high degree of specificity for their bullfrog TSH 
preparation, whereas bullfrog LH exhibited a low 
thyrotropic activity. In contrast, bullfrog LH is 
more potent than the bullfrog TSH in stimulating 
the thyroid of the cockerel. In the present experi- 
ment, we employed a homologous bioassay system 
and, moreover, fLHs are regarded as highly 
purified ones, judging from their electrophoretic 
and chromatographic patterns and from the results 
of amino acid sequence analysis [5, 13]. In the case 
of LH obtained by immunoaffinity chromatogra- 
phy, immunoblotting analysis using antiserum 
against the human TSH subunit which recognizes 
fTSH [3] revealed the absence of TSH im- 
munoreactivity in the LH preparation (Sakai et al., 
unpublished). Therefore, the thyrotropic activity 
of fLHs observed in the present experiment seems 
to be derived from LHs themselves. With respect 
to the possession of thyrotropic activity by the 
fLHs, it is of interest to note that injections of 
mammalian luteinizing hormone-releasing hor- 
mone (LHRH) to ranid frogs increased plasma 
thyroxine levels [14] and that the medium in which 
a frog pituitery gland had been incubated in the 
presence of LHRH stimulated T, release from the 
thyroid in vitro [15]. In these cases, it is probable 
that LH, released in response to LHRH, rather 
than TSH, enhanced the T, release. It also should 
be mentioned that plasma Ty, levels in Bufo japoni- 
cus increase in the breeding season and are syn- 
chronized with the elevation of LH levels [16, 17]. 

Indirect effects of other hypothalamic releasing 
hormones on the thyroid has been studied both in 
vitro [15, 18] and in vivo [14, 19]. According to 
Denver and Licht [18], ovine corticotropin- 
releasing hormone (CRH) stimulated the release 
of thyrotropic factor(s) from the pituitary gland of 
the bullfrog and this effect is more marked in the 
larvae than in the adult. They also tested synthetic 
growth hormone-releasing hormone, but observed 
no indirect effect on the thyroid. In our study, 
neither ACTH nor GH enhanced Ty, release from 
the bullfrog thyroid. Accordingly, the indirect 
effect of CRH on the thyroid may not be mediated 
through ACTH. Although injections of mamma- 
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lian thyrotropin-releasing hormone (TRH) to tad- 
poles do not accelerate metamorphosis [20], 
mammalian TRH does appear to stimulate the 
release of thyrotropic factor(s) from the pituitary 
gland of adult amphibians [15, 18, 19]. 

The identity of TSH-releasing factor in amphi- 
bians has been sought for these past twenty years, 
but little progress has been made, as no specific 
and sensitive assay system for amphibian TSH has 
been developed and no attempt has been made to 
test the substances separated from the amphibian 
hypothalamus, instead of mammalian hypothala- 
mic hormones, for their TSH-releasing effects on 
the amphibian pituitary. Most investigators evalu- 
ate the TSH-releasing activity of several mamma- 
lian hypothalamic hormones indirectly by measur- 
ing T, levels, rather than directly, by measuring 
TSH levels [14, 15, 18, 19]. Heretofore an amphi- 
bian TSH, which is pure enough for use in de- 
veloping suitable radioimmunoassay system, has 
not been isolated. The TSH preparation used in 
this study has yet to be characterized fully, but it or 
a preparation purified further from it, appears 
promising for the future development of a radioim- 
munoassay for amphibian TSH. 
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the Bullfrog Hypophysis 
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ABSTRACT — /n vitro release of prolactin (PRL) from 
the pituitary gland of the bullfrog (Rana catesbeiana) in 
the presence of thyrotropin-releasig hormone (TRH) 
analogues and metabolites was studied.  [3-Met- 
His*]TRH stimulated the release of PRL markedly. The 
stimulatory activity of the analogue was as potent as that 
of TRH. In contrast, [1-Met-His*]TRH had no effect. 
Two main metabolites of TRH, pyroglutamyl-histidyl- 
proline and _ histidyl-proline-diketopiperazine did not 
affect the release of PRL from the pituitary gland. 


INTRODUCTION 


In amphibians, thyrotropin-releasing hormone 
(TRH, pGlu-His-PRoNH,) exhibits potent prolac- 
tin (PRL)-releasing activity [1-4], as in mammals 
[5]. TRH is regarded as the main PRL-releasing 
factor in the amphibian hypothalamus, since im- 
munoneutralization of TRH in hypothalamic ex- 
tract with antibody against TRH markedly attenu- 
ates its PRL-releasing activity [6], and among the 
fractions separated chromatographically from the 
hypothalamic extract, the TRH-containing frac- 
tion exhibits the most potent PRL-releasing activ- 
ity [7]. 

Recently, presence of [1-Met-His*]TRH, an 
analogue of TRH, has been reported in the brain 
of cyprinid fish [8, 9]. Another analogue [3-Met- 
His*]TRH has potent biological activity in mam- 
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mals [10]. Although these analogues have never 
been detected in the amphibian tissue [Uchida ef 
al., unpublished], it is of interest to test these 
substances for PRL-releasing activity in amphi- 
bians. In addition, PRL-releasing activity of two 
main metabolites of TRH, pyroglutamyl-histidyl- 
proline (TRH-OH) and __histidyl-proline- 
diketopiperazine (Cyclo(His-Pro)) [11] has also 
been studied. The latter metabolite is known to 
have various activites related, or opposed to those 
of TRH in mammals [11, 12]. 


MATERIALS AND METHODS 


Peptides 


TRH, [3-Met-His*]TRH and TRH-OH were 
purchased from Bachem Inc. Cyclo(His-Pro) and 
[1-Met-His*]JTRH were products of Sigma and 
Peninsula Laboratories, respectively. 


Incubation of pituitary gland 


Adult bullfrogs (Rana catesbeiana) weighing 
250-350 g were sacrificed by decapitaion. The 
anterior pituitary gland was removed, weighed and 
hemisected and the two hemipituitaries were 
placed in a glass vial containing 200 | of 67% 
Eagle MEM (Nissui Seiyaku Co., Ltd., pH 7.4). 
The vials were incubated in a Dubnoff metabolic 
incubator under an atmosphere of 95% QO ,-S% 
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CO,. After | hr of preincubation, the medium was 
replaced with fresh medium containing a test 
substance. Incubation was carried out for 16 hr at 
25°C, since it had been verified previously that 
bullfrog pituitaries incubated under the above 
conditions continue to release PRL until at least 28 
hr at a linear rate [4]. 


Radioimmunoassay 


Homologous radioimmunoassay for bullfrog 
PRL in the medium was performed according to 
the method described previously [13]. 


Statistics 


Statistical analysis was perfomed by analysis of 
variance. 


RESULTS AND DISCUSSION 


TRH stimulated the release of PRL from the 
pituitary gland dose-dependently (Fig. 1). Like- 
wise, [3-Met-His*]TRH also showed  dose- 
dependent stimulation of PRL release (Fig. 2). In 
contrast, [1-Met-His?]TRH had no significnat 
effect on the release of PRL from the pituitary 
gland (Fig. 3). 

In cyprinid fish, [1-Met-His?]TRH seems to 
stimulate the release of gonadotropin rather than 
the release of PRL from the pituitary in vitro [14]. 
In the frog hypothalamus, neither [3-Met- 
His*]TRH nor [1-Met-His?]TRH has been de- 
tected: High performance liquid chromatography 
analysis of acid extract of bullfrog hypothalami 
revealed that none of the fractinos with the same 
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Classification and Characterization of Ten Hemocytes Types 
in the Tunicate Halocynthia roretzi 


Tomoo SAWADA!. YOSHIHISA FUJIKURA!, SUSUMU TOMONAGA~ 
and Tetsuo FuKuMmorTo! 


‘Department of Anatomy, Yamaguchi University School of Medicine, 
Ube-city, Yamaguchi 755, and *School of Allied Health Sciences, 
Yamaguchi University, Ube-city, Yamaguchi 755, Japan 


ABSTRACT—We propose a standard condition for classifying living hemocytes of Halocynthia roretzi: 
adhering or spreading on glass in the presence of EGTA at pH 6.0 at room temperature (adhering cells). 
Accoring to morphological characteristics revealed by vital staining, autonomous fluorescence and an 
effect of NH, ions, we classified hemocytes into ten groups; phagocytes type | and 2 (pl- and p2-cells), 
granular cells type 1, 2, and 3 (gl-, g2- and g3-cells), vacuolated cells type 1, 2, 3 and 4 (v1-, v2-, v3-, and 
v4-cells) and lymphoid cells (ly-cells). Two types of phagocytes, pl- and p2-cells, were the only cells 
which actively phagocytize and spread as adhering cells. They were spherical cells with a diameter of 
20-40 «m and 40-50 «m before spreading. Three types of small-granule containing cells and four types 
of large-vacuole containing cells were also clearly distinguished not only by their size but also by their 
behavior or properties after vital staining. Ly-cells were small and spherical and have been referred to 
as lymphocytes or hemoblasts. We correlated seven groups (pl-, p2-, gl-, g2-, v3-, v4- and ly-cells) with 
the former classification, and identified for the first time three types of hemocytes (g3-, vl- and v2-cells). 
The relative proportions of various hemocyte types did not agree with earlier reports, and pl-cells, 
accounting for 30-45%, were found to be the largest group. These basic analyses of cell types are 
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essential for future studies of immunodefense properties. 


INTRODUCTION 


The tunicate Halocynthia roretzi, is an excellent 
protochordate for research dealing with hemocytes 
and hemolymph. Each individual is large and 
therefore it contains sufficient quantities of 
hemolymph and the animals can be supplied 
throughout the year. Consequently, it is one of the 
tunicates whose hemolymph has been well investi- 
gated biochemically [1-3]. With respect to the 
cells, their hemocytes, there is the earlier clas- 
sification by Ohuye [4] and a later detailed one by 
Fuke [5]. Turning to function, alloreactivity of 
hemocytes has also been studied by Fuke [6, 7] and 
is well known as the “contact reaction”. However, 
these results have not sufficiently established the 
classification of hemocytes and it is important to 
identify and classify them according to their func- 
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tions. 

For the purpose of investigating their functions, 
one approach to identifying individual hemocytes 
in the living state must be established. However, 
hemocytes easily aggregate which makes it difficult 
to identify individual cells. In addition, the mor- 
phorological characteristics of hemocytes undergo 
substantial change after they adhere on a matrix, 
after degranulation, or during amoeboid move- 
ment. The fixation, staining methods and electron 
microscopy also cause deformation. Because of 
this instability, previous classifications were based 
upon fixed hemocytes after staining or on hemo- 
cytes modified after degranulation, spreading on a 
matrix or phagocytosis. 

We considered it essential to classify living 
hemocytes in order to examine their function. 
Therefore, we searched for: 1) the condition in 
which hemocytes degranulation was mostly sup- 
pressed; 2) when morphological differences among 
hemocytes became maximum. We were able to 
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identify each individual hemocyte separately in the 
living state. Finally we confirmed some of the 
studies by Fuke [5], and examined the differences 
between her reports and our observations. 


MATERIALS AND METHODS 


Hemocytes 


Tunicates (Halocynthia roretzi) were collected 
at the Mutsu-bay in northeastern Japan, from 
April to October, and were transported im- 
mediately. Hemocytes were collected within 2 
days (fresh-animals) and collected after mainte- 
nance in an aquarium for 4-8 weeks without 
feeding (4-8 weeks-animals). Hemocytes were 
collected from the space just beneath epithelium, 
at a tunic papilla in the upper part of the body, 
with 1 ml disposable plastic syringes. Harvesting 
was done carefully in the same way and at similar 
points from each individual. When we collected 
hemocytes in the presence of ethyleneglycol-bis 
(-aminoethylether) N,N,N’,N’-tetraacetic acid 
(EGTA), 0.2 ml of the solution containing 5 mM 
EGTA and 0.5M sodium chloride (EGTA- 
solution, pH 7.0 with HCl) was previously drawn 
into 1 ml plastic syringes and, with the same 
syringe, we collected 0.8 ml of hemolymph which 
included numerous hemocytes. 


Behavior of hemocytes on glass slides at different 
pHs 


Upon centrifuging the mixture of hemolymph 
and EGTA-solution at 250 g for 1 min, hemocytes 
were collected and resuspended in 1 ml of EGTA- 
solution. A small quantity (0-20 wl) of 0.1N 
sodium hydroxide was added to raise the pH of 
hemocyte suspensions to the range of pH 5.5-8.0. 
We then added about 1001 of the hemocyte 
suspension on a giass slide and the activity of 
hemocytes was viewed as they attached and 
spread. Phenol red (10-30 yl of 0.1% solution in 
distilled water) was added to the hemocyte suspen- 
sion to estimate the pH. Hemocytes were then 
observed by Nomarski-differential-interference 
microscopy (Nomarski-image) and by _phase- 
contrast microscopy (phase-contrast-image). 


Phagocytic activity for sheep red blood cell (SRBC) 


Hemocytes in intact hemolymph were incubated 
with sheep red blood cells (SRBC) for 5 to 30 min. 
About 0.1% SRBC suspension (v/v) in normal sea 
water was added to the hemolymph, reaching the 
final concentration 0.005—0.01%. 


Autonomous fluorescence 


Hemocytes attaching or spreading on glass slides 
in EGTA-solution, in normal sea water or in intact 
hemolymph were examined under a fluorescence 
microscope with ultraviolet illumination. 


Quantification of hemoyctes 


Hemocytes were collected in the presence of 
EGTA, rinsed and resuspended in EGTA- 
solution. After the pH of hemocyte suspensions 
was adjusted to pH 6.0, 0.1-0.2 ml was added to 
glass slides and incubated for 10-15 min. We 
identified all hemocytes within several different 
viewing areas (about 300 cells in total) by phase- 
contrast microscopy and counted the numbers of 
each hemocyte type. Hemocytes in the suspended 
state, in EGTA-solution at pH5.5, were also 
counted. 


Staining 

Neutral red (0.01% in final concentration) was 
added to the hemocyte suspension and vitally 
stained hemocytes were observed after 15-30 min. 
Hemocytes adhering or spreading on glass slides in 
the EGTA-solution (pH 6.0) were fixed and 
stained with Wright’s blood stain. 


Effect of NH,Cl or NH,OH 


NH,Cl (5-500 mM) or NH,OH (0.1-1%) was 
added to the hemocyte suspension in EGTA- 
solution or in intact hemolymph and examined by 
light microscopy 5-15 min later. Phenol red 
(0.01%) was added to the hemocyte suspension to 
estimate the pH. 


RESULTS 


Adhering and spreading abilities of hemocytes on 
glass slides 


Hemocytes of Tunicate H. roretzi 94] 


Hemocytes in intact hemolymph (collected with- 
out EGTA) tended to form small clusters contain- 
ing 3-10 hemocytes. They aggregated more inten- 
sively after placing them on glass slides. In con- 
trast, hemocytes in hemolymph containing EGTA 
(at pH 5.0-5.5) did not aggregate and thus each 
individual cell type could be observed (Fig. 1-A). 
The addition of EGTA-solution to hemolymph 
changed the pH to 5.0, from the original value of 
6.0-6.5. No hemocytes adhered nor were 
observed to spread on glass slides under this 
condition. 

Rinsed and resuspended in EGTA-solution at 
pH 5.0-5.5, hemocytes neither adhered nor 
spread on glass slides, but exhibited Brownian 
movement. Raising the pH caused increasing 
numbers of hemocytes to attach whereas some of 
them spread. In analyzing hemocytes from several 
fresh-animals, the percentage of spreading cells 
was low at pH 5.0-5.6 but it increased consider- 


ably at pH 5.8-5.9. Although the pH-range and 
the sequential raising of the pH varied in three 
cases, the percentages of spreading cells reached a 
maximum in each of three cases at pH 6.0-6.1 
(Fig. 2). Most of the spreading hemocytes under 
this condition were phagocytes type 1 and 2 
according to the classification to be described later 
(Fig. 1-B). Above pH 6.5, the percentage of 
spreading cells tended to decrease slightly whereas 
other cell types spread at pH 7.0-8.0. 
Temperature within the range of 15-25°C did 
not affect spreading and morphological character- 
istics of hemocytes, except that higher tempera- 
tures slighly accelerated their spreading. At 15°C, 
the number of spreading cells reached a plateau 
within at least 15 min. When hemocytes were 
placed on glass slides for 15 min in EGTA-solution 
at pH 6.0 at room temperature, all of phagocytes 
type 1 and 2 spread and all other hemocytes 
adhered revealing characteristic features for their 


Fic.1. The hemocytes of Halocynthia 
roretzi suspended in the EGTA- 
solution at pH 5.5 (A: the condition for 
cell suspension), and spreading or 
adhering on glass slides in the EGTA- 
solution at pH 6.0 (B: the condition for 
adhering cells). The scale bar shows 
100 wm. pl, p2: phagocyte type 1 and 
2; gl, g2: granular cell type 1 and 2; v2, 
v3: vacuolated cell type 2 and 3. 
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pH of the solution 

Fic. 2. The percentage of spreading hemocytes on glass 
slides at different pH. Square (MM), triangle (4) and 
circle (@) indicate the results in the hemocytes of 
three different individuals, respectively. Although 
three cases were examined at different pH and in the 
different pH range, it was considered that the 
spreading hemocytes reached a maximum at pH 
6.0—6.1 in each case. 


cell-types (Fig. 1-B). Afterward, we used this 
condition (the condition for adhering cells) as the 
standard to identify or classify living hemocytes: in 
the EGTA-solution at pH6.0, placed on glass 
slides for 15 min at room temperature. 


Classification of hemocytes at the condition for 
adhering cells 


We classified hemocytes under the conditions 
for adhering cells into ten groups: two types of 
phagocytes, three types of granular cells, four 
types of vacuolated cells and lymphoid cells (Figs. 
aA): 

Phagocytes type 1 (p1-cells) were 80-100 “m in 
diameter and they spread over wide distances 
(Figs. 3-A, E; 5). They did not move or they 
moved so slowly that we only observed motion by 
intense observation. The Nomarski-image re- 
vealed that they spread as thin, flat sheets (Fig. 
3-A). These sheets were transparent in the phase- 
contrast image (Figs. 3-E; 5-C, D) and usually 
contained several dark granules (Fig. 3-E). Phago- 
cytes type 2 (p2-cells), 60-100 »m in diameter, 
were also spreading cells (Figs. 3-B, F; 6), mod- 
ifying their shapes frequently by amoeboid move- 
ment: either rounding up, spreadng extensively or 
sending out long pseudopodia. The Nomarski- 
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image revealed that they were thicker than p1-cells 
in the fully spread state (Fig. 6-E). They some- 
times contained several granular components (Fig. 
6-C, D, E). P2-cells were relatively dark in phase- 
contrast-image after they spread (Figs. 3-F; 6-C, 
D, E), even in a fully spread state. 

Granular cells type 1 (gl-cells) 35-40 um in 
diameter did not spread but retained the round 
shape (Fig. 4-A, E), adhering to glass slides by 
means of small pseudopodia; they sometimes 
moved actively. In the Nomarski-image they con- 
tained many small granules less than 5 um in 
diameter (Fig. 4-A), and they were weakly refrac- 
tile in phase-contrast-microscopy (Fig. 4-E). In a 
few cases, some of them expanded slightly into 
dark round cells. Granular cells type 2 (g2-cells) 
45-50 ~m in diameter were large, polygonal cells 
(Fig. 4-B, C, F, G). Rarely, did they have small 
protrusions. The Nomarski-image showed that 
these cells were filled with numerous small gra- 
nules less than 5 ~m in diameter (Fig. 4-B). In the 
phase-contrast image (Fig. 4-F), they were slightly 
brown and dark usually with a refractile periphery; 
these cells had no pseudopodia nor did they move. 
Granular cells type 3 (g3-cells) were large and 
oval, 80 ~m in diameter (Fig. 4-D, H), the largest 
hemocyte; they did not move. Nomarski-image 
showed that these cells were filled with numerous 
small granules less than 5 um in diameter (Fig. 
4-D). They contained highly refractile granules in 
the phase-contrast-image. 

Vacuolated cells type 1 (vl-cells) were small 
cells 30-35 um in diameter (Fig. 4-C, G). They 
contained only one (rarely two) prominent vacuole 
10-15 ~m in diameter. Hyaline cytoplasm was 
observed in these cells, and they occasionally 
spread but exhibited no obvious movement. 
Vacuolated cells type 2 (v2-cells) were round or 
polygonal cells, 30-40 ~m in diameter (Fig. 3-B, 
F), without any pseudopodia. In the Nomarski- 
image they were filled with several vacuoles 5-8 
ym in diameter (Fig. 3-B). In the phase-contrast- 
image, they were weakly refractile with a relatively 
dark central area. They were transparent and their 
contour was indistinct when observed by light 
microscopy. 

Vacuolated cells type 3 (v3-cells) 35-45 ~m in 
diameter contained several large vacuoles which 
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Fic. 3. The five hemocyte types at the condition for adhering cells, in Nomarski-differential-interference-microscopy 
(A-D) and in phase-contrast-microscopy (E-G). E-G show the same cells as A-C, respectively. D showed the 
slightly spread type v4 cells when the cover slip was slightly pressed. The scale bar shows 10 um. pl, p2: 
phagocyte type 1 and 2; v2, v3, v4: vacuolated cell type 2, 3 and 4. 


occupied most of the cytoplasm. In both the 
phase-contrast- and in the Nomarski-image, they 
were hightly refractile (Figs. 3-C, D, G; 4-C, G). 
The diameters of their cytoplasmic vacuoles varied 
from 10 to 30 wm. A hyaline cytoplasm was hardly 
distinct by phase-contrast microscopy. These cells 
sometimes moved actively and the refractile 


vacuoles changed shape when the entire cell-shape 
was altered during movement. Vacuolated cells 
type 4 (v4-cells) 35-50 um in diameter were also 
filled with many highly refractile vacuoles both in 
phase-contrast- and in Nomarski-images (Fig. 3-B, 
C, D, F, G). The vacuoles closely resembled those 
of v3-cells while the size of the vacuoles in v4-cells 
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Fic. 4. The six hemocyte types at the condition for adhering cells, in Nomarski-differential-interference microscopy 
(A-D) and in phase-contrast microscopy (E-H). E-H show the same cells as A-D, respectively. The scale bar 
shows 10 um. gl, g2, g3: granular cell type 1, 2 and 3; v1, v3: vacuolated cell type 1 and 3; ly: lymphoid cell. 


was relatively uniform within the range of 8-10 wm 
in diameter (Fig. 3-C, D). V4-cells contained 
more vacuoles than v3-cells, and v4-cells had high- 
er motility than v3-cells. However, it was some- 
times difficult to distinguish v4-cells from v3-cells 
in the condition for adhering cells. The identifica- 
tion of v3- and v4-cells was easy after we slightly 
pressed the cover slips which could make the 


v4-cells to spread. 

Lymphoid cells (ly-cells) were the smallest and 
the most spherical cells 12-20 ~m in diameter (Fig. 
4-A, E), appearing as dark spheres in the phase- 
contrast image. They rarely spread on glass slides, 
and had no particular characteristics other than 
their small size. 
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Fic. 5. A, B, C: The change of the shape 
of phagocyte type | with spreading; 
round (A), slightly spread (B) and com- 
pletely spread as a sheet (C). The scale 
bar shows 10 um. D: The syncytium as 
a large sheet formed by the fusion of 
spread phagocyte type 1. The scale bar 
shows 100 «m. 


katie £ i Fu ‘ 

Fic.6. A,B,C: The change of the shape of a phagocyte type 2 cell with spreading; round (A), slightly long (B) and 
spread as a dark sheet (C). D, E: Phagocyte type 1 and type 2 spread on a glass slide. Note the difference 
between two types of cells, in darkness in phase-contrast microscopy (D) and in thickness in Nomarski- 
differential-interference microscopy (E). The scale bar shows 10 um. 
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Identification of hemocytes suspended in EGTA- 
solution 


Following the observation of pl- and p2-cells 
from adhering through spreading on glass slides, 
we identified both cell types in the non-spreading 
state in cell suspensions. 

In EGTA-solution pl-cells were small cells 20- 
40 um in diameter with irregular protrusions (Figs. 
1-A; 5), whereas they were small spherical cells 
with frill-like or spine-like pseudopodia in intact 
hemolymph. Most of them had small, refractile 
vacuoles which often disappeared when they 
spread by adherence. 

In EGTA-solution p2-cells were relatively large 
cells 40-50 um in diameter, spherical (Fig. 6) or 
often with irregularly protruding pseudopodia 
(Fig. 1-A). It was sometimes difficult to disting- 
uish p2-cells from gl-cells in suspension, and the 
neutral red-staining was useful to identify p2-cells; 
p2-cells contained cytoplasmic granules which 
were stained with neutral red while gl-cells were 
not stained. 

The identification of other eight hemocyte types 
in suspension was possible using the same charac- 
teristics as those which adhered (Fig. 1). Other 
than the ten hemocyte types, we found non-motile 
cells having cilia-like projections in suspension 
(Fig. 1-A an arrow). The projections were 
absorbed into cell-body after adherence when the 
pH was raised. They were counted as v2-cells after 
staining them with neutral red. 


Other characteristics of hemocytes 


Behavior on glass slides in intact hemoly- 
mph: Most of pl-cells spread and fused together 
to form a large syncytium, while they never fused 
in the EGTA-solution. Many of g1-cells extended 
long rod-shaped pseudopodia, forming clusters 
together with the same cell types and at the same 
time discharging cytoplasmic granules. Some- 
times, g2- and g3-cells moved with a small hyaline 
cytoplasmic cap at their tip or tail without apparent 
degranulation nor extensive change in shape. 
Usually, v4-cells spread and were easily disting- 
uished from v3-cells. 

Vital staining with neutral red: Within 2-3 min 
of the staining, v1-, v3- and v4-cells stained rapidly 


in red-violet. On the other hand, g3-, p1-, p2- and 
v2-cells required 5-10min and they stained 
orange-red. Neither gl- and g2-cells nor ly-cells 
stained. 

Autonomous fluorescence under the illumination 
of UV-rays: Intensive and autonomous blue 
fluorescence was exhibited by vl- and v3-cells. 
The brightness of the fluorescence increased dur- 
ing first 15-30 sec, then weakened and the color 
changed into whitish blue. Slightly weak fluoresc- 
ence was exhibited by v4-cells, but the fluoresc- 
ence was faster in diminishing than that of vl- and 
v3-cells. After 2-5 min of illumination, pl- and 
p2-cells began to exhibit blue fluorescence. 

Phagocytosis: Only pl- and p2-cells showed 
active phagocytosis against SRBCs, engulfing 
more than 2 and up to 5-7 SRBCs. Little activity 
of phagocytosis was observed in v4-cells. 

Effect of NH4Cl or NHzOH: When NH,Cl 
(pH 5.0) or NH,OH (pH 8.0) was added to the 
hemocyte suspension, the highly refractile cyto- 
plasmic vacuoles of v1-, v3- and v4-cells changed 
into orange-brown spheres both in EGTA-solution 
and in intact hemolymph, which we refer to the 
ammonium-effect (Fig. 7). The ammonium-effect 
occurred more quickly in the presence of higher 
concentrations of NH,Cl or NH,OH. When the 
final pH of the hemocyte suspension was shifted 
within the range of 5.0-8.0 after adding NH,Cl or 
NH,OH, the ammonium-effect occurred similarly 
throughout that range. 

The vacuoles of v1-, v3- and v4-cells also lost the 
autonomous fluorescence after the ammonium- 
effect. All hemocytes including pl- and p2-cells 
did not spread in the presence of NH,Cl or 


2k 


Fic. 7. The vacuolated cell type 3 changing upon the 
addition of 10 mM NH,ClI (A; 1 min, B; 5 min and 


C; 30 min after the addition). The vacuole in A 
changed into two spherical granules in C. The scale 
bar shows 10 um. 
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TABLE 1. 
conditions. 
pH 5.9-6.2 (adhering cells). 


Hemocyte composition of tunicate Halocynthia roretzi at different 
Each cell type was counted at pH 5.5 (cell suspensions) and at 


case | case 2 case 3 

type of hemocytes = gy. Ad* Sus Ad Sus Ad 
(5.5) (6.2 (5:5) (5.9) G5) (6.0) 

(%) (% (%) (%) (%) (%) 
pl-cell 34.6 30.3 34.9 83.2 35.4 28.9 
p2-cell 5 Se 6.6 7.3 6.3 11.6 9.6 
gl-cell 13.7 18.8 B32 18.8 15.0 12.4 
g2-cell 1.4 1.4 0.6 1.9 1.9 1.9 
g3-cell 0 0 0 0 0 0.3 
vl-cell 1.4 1.0 1.0 1.9 0.9 0.9 
v2-cell 10.6 10.1 6.0 5.6 10.7 5.3 
v3-cell 27.7 24.4 22.2 26.0 21.9 3355 
v4-cell 2.4 35 1.6 3.4 0.9 6.2 
ly-cell 1.0 3.8 3.2 2.8 1.6 1.6 
number of total 292 287 315 319 319 322 


cell counted 


See text for the abbreviation of hemocytes types. 


* Sus: cell suspensions (pH) 
Ad: adhering cells (pH) 


NH,OH. 

Wright's blood stain of fixed hemocytes: After 
fixation with methanol, we clearly identified only 
gl- and g2-cells because of their sizes, round shape 
and frequency. The cytoplasm of both gl- and 
g2-cells stained dark-blue or violet, definitely in- 
dicating that those cells have basophilic cytoplasm. 
All other cell types appeared to have acidophilic 
cytoplasm except for a group of small cells whose 
cell-type was not defined. 


The composition of hemocytes ( percentage of each 
cell type in total hemocytes) 


The composition of hemocytes analyzed in the 
condition for adhering cells and in the condition for 
cell suspension: We added 0.1-0.2 ml of hemo- 
cyte suspension (pH 5.5) on glass slides and 
counted the number of each type first in cell 
suspensions. Then, we raised the pH of the same 
hemocyte suspension to 5.8—6.2, added 0.1-0.2 ml 
on glass slides and then counted adhering cells 
(Table 1). From three different individuals, the 
relative proportions of various hemocyte types did 
not change significantly with changes in conditions. 


The composition of hemocytes in fresh-animals 
and 4-8 weeks-animals: We analyzed the relative 
proportions of various hemocyte types in five 
fresh-animals within 2 days after they were col- 
lected and in eight 4-8 weeks-animals (Table 2). 


TABLE 2. Hemocyte composition of  tunicate 
Halocynthia roretzi, in freshly collected animals 
and in others kept in an aquarium for 4-8 weeks. 


type of fresh animals 4-8 weeks-animals 
hemocytes (5 animals) (8 animals) 
(%) (%) 
pl-cell 34.14:5.4* 33.8+ 10.3* 
p2-cell 9.44+2.9 o.04:. 2 
gl-cell 15.5: 3.3 bit 43 
g2-cell 1.4+0.4 1.32:) 0.5 
g3-cell 0.2+0.3 US Os oa | 
vl1-cell 1.0+0.5 Ll 0,8 
v2-cell 5.8+2.8 Vhs deh, 
v3-cell 24.8+6.0 23.2+ 7.2 
v4-cell 4.2+1.4 4.6+ 2.4 
ly-cell 3.44+1.3 oe Zu 


See text for the abbreviation of hemocytes types. 
* average +SD 
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The analysis was done on adhering cells and the 
composition of hemocytes in the 4-8 weeks- 
animals was essentially equal to that in fresh- 
animals. 


DISCUSSION 


We propose a standard condition for classifying 
living hemocytes of Halocynthia roretzi, and we 
have classified them into ten groups (two types of 
phagocytes, three types of granular cells, four 
types of vacuolated cells and lymphoid cells). It 
was also possible to classify hemocytes in suspen- 
sion, although vital staining was sometimes neces- 
sary. The relative proportions of various hemocyte 
types analyzed as adhering cells and cells in sus- 


pension did not differ significantly. Therefore, we 
considered that a classification in the cell suspen- 
sions most nearly correlated with the classification 
for adhering cells. Thus, adherence of hemocytes 
on slides did not induce any specific loss of particu- 
lar hemocyte groups. Because the classification of 
adhering cells was mainly based on morphological 
characteristics of living cells, easily observed in 
light microscopy, it may be useful for investigating 
hemocyte functions. 

We also described the other characteristics, such 
as autonomous fluorescence or the effect of ammo- 
nium on hemocytes (Table 3). Autonomous 
fluorescence has not been systematically employed 
in classifying hemocytes, but some investigators 
have made significant observations (personal com- 


TABLE 3. Characteristics of each hemocyte type in tunicate Halocynthia roretzi 


type of 


Hemoertc cell size”? 


phagocy- vital?) ~ammonium- 
tosis? staining _— effects 


pl-cell 80-100 ~m Spararar Omir — 
(20-40) 


p2-cell 60-100 SPaPar ar OLAINES — 
(40-50) 


gl-cell 35-40 = = — 


g2-cell 45-50 = = = 


g3-cell 80 - orange sty 
vi-cell 30-35 = red-violet =F 
v2-cell 30-40 == orange = 
v3-cell 35-45 = red-violet sP 
v4-cell 35-50 35 red-violet ole 


ly-cell 12-20 = = = 


See text for the abbreviation of hemocytes types. 
1) 


Wants autonomous? 2anules (G) spreading on” 
oe fluorescence : oles glass 
stain vacuoles (V) (other remark) 
a +* one or some + 
small G (syncytium) 
a Sie several =F 
small G (active 
movement) 
b = many small G = 
<5 um (rod-shape 
extension) 
b = many small G — 
<5 wm 
a 2 many small G = 
<5 um (largest cell) 
a se one V = 
10-15 wm 
a = many V = 
5-8 ym 
a = many large V = 
10-30 ~m (refractile) 
a + many V = 
8-10 um (refractile) 


9 pi _ _ 


Cell-size: adhering cells on glass slides (cell suspension). 
Only the phagocytic activity against sheep red blood cells (SRBC) was examined. 


+: at least some of them could phagocytize SRBC, ++-++: they phagocytized many SRBCs actively. 


Vital staining with neutral red. 


Staining of cytoplasm; a: acidophilic, b: basophilic, ?: uncertain. 
Fluorescence under the UV-illumination; ?: uncertain. 


*: Fluorescence gradually appeared after 2-5 min of illumination. 


The ability to spread on slide glasses at the condition for adhering cells. 
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munication). The effect of ammonium was firstly 
reported here. We sometimes found many hemo- 
cytes with orange-brown granules, similar to those 
following the effects of ammonium, in animals 
kept in an aquarium for several months or with 
dead animals (data not shown). This suggested 
that the effect of ammonium may occur naturally 
in vivo when animals are poorly maintained. 
However, we do not know whether or not this 
reaction has some physiological role that protects 
the animals. 


The classification of hemocytes 


Designation: We found no proper designation 
for hemocytes, although we attempted to use a 
previous one [8]: large-amoebocyte for pl-cell, 
macrophage for p2-cell, minute-granular cell for 
gl-cell, large-basophilic-cell for g2-cell, large- 
acidophilic-cell for g3-cell, single-granular-cell for 
vi-cell, morula-cell for v2-cell, vesicular-cell for 
v3-cell, large-granular-cell for v4-cell, and lympho- 
cyte for ly-cell. 

Basically similar cells even from different spe- 
cies are the same. However, we found only little 
evidence of similarity. So, we attempted to avoid 
specific designations and to use general terms of 
hemocyte classification according to Wright [9]. 
Further refinement of tunicate hemocyte types 
should continue to be standardized after accumula- 
tion of data on functions, the role of the contents 
of cytoplasmic granules or vacuoles, the ultrastruc- 
ture and the developmental cell-lineages. 

Phagocytic cells: We confirmed phagocytic 
activity in three groups of hemocytes; pl-, g2- and 
v4-cells. The clearance of foreign particles or 
foreign organisms may depend mainly on p1- and 
p2-cells, because the activity of v4-cells was low. 
The difference between pl- and p2-cells was dis- 
tinct in that pl-cells formed a syncytium. Dan- 
Sohkawa has observed the formation of syncytia 
by phagocytes of Halocynthia roretzi (personal 
communication), and we consider those phago- 
cytes as pl-cells. Most pl-cells have the granules 
which disappeared after spreading, suggesting that 
pl-cells may have an another function that of 
discharging their granular components. P2-cells 
never fused, and thus pl- and p2-cells belong to a 
different group which exhibits some phagocytic 


activity. 

Cells with small granules: There were three 
groups of hemocytes (g1-3 cells) containing numer- 
ous small granules which may be storage 
organelles for secretory material. P2-cells also had 
small granular components which stained with 
neurtral red. However, we did not count p2-cells 
among the cells which contained small granules, 
since we considered the granular components of 
p2-cells as phagocytic vesicles or lysosomes rather 
than as storage sites for secreting substances. 

The three types of granular cells were definitely 
different in cell-sizes, in staining charactaristics 
and behavior. Only g3-cells were stained with 
neutral red and had acidophilic cytoplasm, while 
gl- and g2-cells were not stained with neutral red 
but had apparently basophilic cytoplasm. Only 
gl-cells aggregated within the same cell type and 
extended long pseudopodia with active degranula- 
tion in normal sea water and intact hemolymph. 

Cell containing large vacuoles: There were four 
hemocyte groups (v1-4 cells) which contained large 
cytoplasmic vacuoles. Among them, only v2-cells 
did not exhibit autonomous fluorescence and 
stained orange-red with neutral red. The other 
three groups were different not only in cell-size 
and number of cytoplasmic vacuoles but also in 
phagocytic activity and volume of hyaline cyto- 
plasm, although their cytoplasmic vacuoles had 
similar characters. 

Correlation to the former classification: Follow- 
ing the reports by Fuke [5] in vital staining, in 
Wright’s blood stain and in cell behavior, we 
corroborated seven groups according to our clas- 
sification to those which she classified: pl-cells to 
vacuolated-cells, p2-cells to fine-granular-cells, g1- 
cells to minute-granular-cells, g2-cells to large- 
basophilic-cells, v3-cells to vesicular-cells, v4-cells 
to large-granular-cells, and ly-cells to lymphocytes. 

Our results suggest that orange-cells [5] are not a 
particular hemocyte group but consists of v1-, v3- 
and v4-cells under certain sub-optimal conditions. 
Moreover, we were not able to correlate g3-, vl- 
and v2-cells to any previously described groups [5]; 
g3- and vl-cells were both minor groups and might 
have been neglected. V2-cells accounted for 5-7% 
of whole hemocytes and could have been consi- 
dered as vesicular-cells because of their large cyto- 
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plasmic vacuoles. 

The attempt to separate hemocytes by centri- 
fugation in density gradient has been only partially 
successful using cells of Halocynthia roretzi. Azu- 
mi ef al. [3] separated hemocytes into several 
layers in a density gradient, each of which we could 
not corroborate with our classification. However, 
we have confirmed that v3- and v4-cells were in the 
heaviest group and that pl-cells were in the lightest 
group in a density gradient-separation using suc- 
rose (unpublished data). 

Composition of hemocytes: Despite agreement 
on the seven groups which constitute the major 
hemocyte population, the relative proportions of 
those groups which we observed were different 
from those of Fuke [5]. We found the percentage 
of gl-cells to be 12-20%, while the corresponding 
minute-granular-cells accounted for only less than 
5% [5]. In addition, v3-cells accounted for only 
20-30% in contrast to the corresponding vesicular- 
cells which were predominant at 50-65% [5]. The 
most distinct discrepancy concerned the percen- 
tage of pl-cells which resembled the vacuolated- 
cells. Our results showed that 30-45% of the 
whole hemocyte fraction was pl-cells, being the 
largest group. On the other hand the vacuolated- 
cells accounted for only 4% [5]. We found no 
seasonal differences from April to October nor 
variations in non-fed animals. However, those 
variations, including the quantitative variations of 
the hemocyte composition remain as subjects for 
further detailed study. 

The question concerning the composition of 
hemocytes must consider several points. First 
tunicates do not have a closed circulatory system, 
isolated from various tissue cavities. Thus certain 
tissue-specific cells or even hematopoietic cells at 
various stages of differentiation may occur 
together and may be possibly collected with 
hemolymph from certain cavities. Still to be re- 
solved is the composition of hemocytes, and if the 
variability is due to sampling regions. 
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Tunic Cell Morphology and Classification in Botryllid Ascidians' 
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ABSTRACT—The morphology of tunic cells was investigated in ten botryllid ascidians, six Botryllus 
and four Botrylloides species, by means of light and electron microscopy. Three types of tunic cells were 
described, i.e. amoeboid, vacuo-granular and large granule tunic cells. Amoeboid tunic cells were 
irregularly shaped, and had many pseudopodia. They were found in the all species studied here. 
Vacuo-granular tunic cell had many vacuoles which contained round granules, and was found in four 
Botryllus and four Botrylloides species. The diameters of the granules varied amond species (ca. 1.4—0.8 
wm). Large granule tunic cells were peculiar to Botryllus scalaris, and each of them contained a single 
large granule with lamellate substructure. Some tunic cells showed intermediate characteristics of 
amoeboid and vacuo-granular tunic cells. It seems that amoeboid tunic cells probably differentiate into 
vacuo-granular tunic cells in the tunic. There are thread-like bacteria in the tunic, and they often dangle 
around vacuo-granular tunic cells. There may be some interactions between tunic cells and the bacteria. 
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INTRODUCTION 


The tunic is the outer covering of an ascidian, 
and is made of gelatinous, leathery or cartilaginous 
matrix, which contains cellulose-like fibers [1, 2]. 
The tunic has many functions, such as a protector 
for the soft body, and an adhesive to the substra- 
tum, a barrier against infection and, in some 
species, a site of self or non-self recognition in 
colony specificity. In the matrix of the tunic, free 
cells are found dispersively, and they are called 
tunic cells. These cells are thought to be con- 
cerned with some of the functions of the tunic. 

Several species of the family Botryllidae (botryl- 
lid ascidians) have been used for the study on 
colony specificity, an occurrence of allo- 
recognition, which is manifested by the fusibility 
between contacting colonies [reviewed in 3]. In 
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some of them allo-recognition seems to take place 
in the tunic, and tunic cells should have important 
roles for the recognition and following reactions. 
Moreover, our recent studies have suggested that 
only the tunic cells may be responsible for the early 
allo-recognition reaction in Botrylloides violaceus 
[4] and Botrylloides fuscus |Hirose et al., in prepa- 
ration]. 

Accordingly, the investigations of morphology 
and classification of tunic cells are necessary as a 
fundamental research in order to clarify the cellu- 
lar reactions in colony specificity. However, in 
botryllid ascidians, Botryllus schlosseri is the only 
species which has been used for the study on tunic 
cells [5, 6]. The purpose of the present study is to 
examine the morphology of tunic cells in ten 
botryllid ascidians and to make a comprehensive 
classification of the tunic cells in botryllid asci- 
dians. 


MATERIALS AND METHODS 


Animals 


We used four Botryllus (Botryllus primigenus, 
B. scalaris, B. sexiens and B. schlosseri), four 
Botrylloides (Botrylloides fuscus, B. lentus, B. 


simodensis and B. violaceus) and two undescribed 
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Botryllus which are tentatively called Pinkish Bot- 
ryllus and Sikine Botryllus in this report. Sikine 
Botryllus was collected in the Sikine Island, one of 
Izu Islands (Tokyo Prefecture, Japan), and the 
other nine species were collected in Shimoda (Shi- 
zuoka Prefecture, Japan). The collected colonies 
were attached on slide glasses and reared in a 
culture box immersed in the Nabeta Bay in Shimo- 
da. Colonial edges growing well were used for the 
specimens of the tunic. They were cut off from the 
colonies with a razor blade and were immediately 
fixed. As for B. schlosseri, colonies were also 
collected in Monterey and Woods Hole (U.S.A), 
the colonies from these two sites show different 
rejection reaction in colony specificity [7]. The 
collected colonies were immediately fixed and used 
only for light microscopical observation. 


Light microscopy 


The specimens collected in Shimoda were fixed 
in 2.5%  glutaraldehyde-0.45 M_ sucrose-0.1 M 
cacodylate (pH 7.4). The specimens collected in 
Monterey and Woods Hole were fixed with 10% 
formalin in seawater. The fixed specimens were 
then dehydrated through a butanol series and 
embedded in paraffin. They were sectioned at 5 
ym and stained with Congo red, Delafield’s hema- 
toxylin and eosin-orange G. 

In B. simodensis, the motility of tunic cells was 
recorded by time lapse video cassette recorder 
AG-6010 (National, Japan). A part of the colonial 
edges was cut off with a razor blade, mounted with 
seawater, and observed by a light microscope 
equipped with a video camera WV-1800 (National, 
Japan). The recording speed was about one six- 
tieth of the actual speed. 

The autonomous fluorescence of ascidian blood 
cells has been reported by Michibata et al. [8, 9] in 
solitary species, Ascidia ahodori and A. sydneien- 
sis samea. In this study, we observed the living 
specimens of B. simodensis and B. fuscus, using a 
fluorescent microscope (Nikon FL). 


Scanning electron microscopy (SEM) 


In some of the species, the cut surface of the 
colonial margin was studied by the following proc- 
edure that was essentially the same as that re- 
ported by Armstrong [10]. The specimens embed- 


ded in paraffin were cut into pieces with a razor 
blade or a microtome blade. The paraffin was 
removed from the specimens in xylene (1 hr, 3 
times), and then the specimens were cleared with 
absolute ethanol. After drying at critical point, the 
specimens were sputter-coated with gold palla- 
dium, and examined in Hitachi S-570 scanning 
electron microscope at 20 kV. 


Transmission electron microscopy (TEM) 


The specimens were prefixed in 2.5% glutaral- 
dehyde-0.45 M sucrose-0.1 M cacodylate (pH 7.4), 
or 2.5% glutaraldehyde-2% NaCl-0.1 M Millonig’s 
phosphate buffer (pH 7.4) for 2-3 hours. They 
were rinsed, and postfixed for 1.5 hours in the 
same buffer containing 1% osmium tetroxide. Af- 
ter dehydration through an ethanol series, the 
specimens were cleared with n-butyl glycidyl ether, 
and embedded in low viscosity epoxy resins [11]. 
Silver-gold sections were doubly stained with 
uranyl acetate and lead citrate; they were ex- 
amined in Hitachi HS-9 transmission electron 
microscope at 75 kV. 


RESULTS 


Cell type, distribution and motility 


Tunic cells are distinguished into three types; 
amoeboid, vacuo-granular and large granule tunic 
cells (Fig. 1). The amoeboid tunic cells are present 
in the all species studied here, and distribute 
throughout the tunic. Vacuo-granular tunic cells 
are present in all species, except for B. primigenus 
and B. scalaris. They are especially abundant near 
the cuticle covering the tunic matrix. Large gra- 
nule tunic cells are found only in B. scalaris, and 
they are much smaller in number than amoeboid 
tunic cells. In B. schlosseri, there are not obvious 
differences of the tunic cell types and their mor- 
phology among the specimens collected in Shimo- 
da, Monterey and Woods Hole. 

The motility of both amoeboid and vacuo- 
granular tunic cells is recorded by a time lapse 
video cassette recorder in B. simodensis. They 
move in the tunic matrix at roughly about 10 ~m/ 
min (amoeboid tunic cell) and 2-3 ~m/min 
(vacuo-granular tunic cell). 
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Fic. 1. Three types of tunic cells in paraffin sections. A: Amoeboid tunic cell in B. simodensis. B: Vacuo-granular 
tunic cell in B. simodensis. C: Large granule tunic cell in B. scalaris. Arrowhead indicates the large granule. c, 
cuticle of tunic. Scale bar, 5 um. 


In B. simodensis and B. fuscus, neither 


amoeboid nor vacuo-granular tunic cells emit 4/%0¢boid tunic cell 


autonomous fluorescence upon excitation with The cells are irregularly shaped, vary in size, and 
blue-violet light, while some of the blood cells emit — have a round nucleus and many pseudopodia (Fig. 
autonomous fluorescence. 2). Many of the amoeboid tunic cells are filled with 


Fics. 2,3. Amoeboid tunic cell (Fic. 2) and vacuo-granular tunic cell (Fic. 3) in B. simodensis. A) Images of TEM 
B) Images of SEM. n, nucleus; tm, tunic matrix. Scale bars, 2 um. 
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cytoplasm and organella, but some of them con- 
taining vacuoles are found particularly in B. pri- 
migenus and B. scalaris. Amoeboid tunic cells 
sometimes have some granules which are barely 
observable under the light microscope. 

Some of the amoeboid tunic cells are fusiform, 
and do not have many pseudopodia. These cells 
have a round or elliptical nucleus, and occasionally 
have a few vacuoles and/or some granules. These 
are usually found along the epithelium of blood 
vessels. 


Vacuo-granular tunic cell 


These cells are usually round or ovoid, ca. 10 
ym in diameter, and a lot of filopodia radiate from 
the cell. These filopodia are easily observable in 
living specimens, but hardly in the specimens for 
SEM and TEM (Fig. 3). The round nucleus is 
usually positioned at the center of the cell. Most 
parts of the cell are occupied by many vacuoles, 
and there is a round electron-dense granule in 
some of the vacuoles. The size of the granules are 
different from species to species, e.g. ca. 1.4 wm in 
diameter (B. lentus), ca. 1.0 um (B. schlosseri) and 
ca. 0.8 wm (B.'simodensis). 

In the all species which have vacuo-granular 
tunic cells, some tunic cells show intermediate 
characteristics of amoeboid and vacuo-granular 
tunic cells, which have homogeneous cytoplasm, 
vacuoles and granules (Fig. 4). The granules of the 
cells in intermediate stages are relatively larger 
and less dense than those of the fully vacuolated 
cells. 


Large granule tunic cell 


The large granule tunic cell contains a large 
granule well stained with hematoxylin, and the 
shape and size of the cell are similar to the 
amoeboid tunic cell (Fig.5). The large granule 
shows lamellate substructure in an electron micro- 
graph. This cell type is peculiar to B. scalaris. 


Fic. 4. Possible processes of tunic cell differentiation 
from amoeboid tunic cell to vacuo-granular tunic 
cell in B. lentus. A) Amoeboid tunic cell. B and C) 
Differentiating vacuo-granular tunic cell. D) Fully 
vacuolated vacuo-granular tunic cell. n, nucleus. 
Scales, 2 um. 
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all species studied here, and other types of bacteria 
are rarely found (Fig. 6A). They abound in the 
tunic near the cuticle and colonial edge, but are 
never found in the vascular lumen. In a living tunic 
specimen, this bacterium glides in the tunic matrix 
like an arrow. These bacteria are occasionally 
found in an amoeboid tunic cell (Fig. 6B), and 
they often dangle around a vacuo-granular tunic 
cell (Fig. 6C). An electron dense structure is also 
found with the bacteria around a vacuo-granular 
tunic cells (Fig. 6D). It may be a disintegrated 


bacterium. 
Fic. 5. Large granule tunic cell in B. scalaris. Inset, DISCUSSION 
Striped structure of the granule. g, large granule; n, 
nucleus. Scales, 0.5 «m. Three types of tunic cells are found in ten 
botryllid species. They are amoeboid, vacuo- 
Bacteria in the tunic granular and large granule tunic cells. Amoeboid 


There are thread-like bacteria in the tunic of the tunic cells are found in all species, and large 


Fic. 6. Bacteria and tunic cells in B. simodensis. Arrowheads in each figure indicate bacteria. A) Bacteria in the 
tunic matrix (SEM). B) Bacteria in an amoeboid tunic cell. C) Bacteria dangling around a vacuo-granular tunic 
cell. D) Enlargement of C. Arrow indicates an electron dense structure which may be a disintegrated bacterium. 
Sacles, 1 um. 
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granule tunic cells are peculiar to Botryllus scalar- 
is. Vacuo-granular tunic cells can not be found 
only in Botryllus primigenus and B. scalaris, but 
they are possibly comparable to some of the 
amoeboid tunic cells with granules or vacuoles in 
these species. 

Tunic cells in botryllid ascidians have been de- 
scribed only in Botryllus schlosseri [5, 6]. Izzard 
[5] has studied on the motility of tunic cells, and 
classified the tunic cells into two types from the 
observations under differential interference optics; 
“filopodial cell” that is characterized by long 
filopodia radiating from the cell body and the 
presence of large vacuoles in the cytoplasm, and 
“amoeboid cell” that moves by the eruption of 
hyaline pseudopodia and by cytoplasmic flow. On 
the other hand, Zaniolo [6] has made histological 
studies of the tunic, and classified the tunic cells 
into three types from the observations of histolo- 
gical sections stained by several methods; 
“vacuolated cell” that has many vacuoles each 
containing a round granule and long fiolopodia 
radiating from the cell body, “fibrocyte” that has 
small pseudopodia and large nucleus with a nuc- 
leolus, and “fusiform cell” that are found along the 
vessel wall and has ovoid nucleus without nuc- 
leolus and no pseudopodia. Comparing these 
descriptions with those of the present study, 
Izzard’s amoeboid cell and Zaniolo’s fibrocyte 
correspond to our amoeboid tunic cell, and 
Izzard’s filopodial cell and Zaniolo’s vacuolated 
cell correspond to our vacuo-granular tunic cells. 
Zaniolo’s fusiform cell seems to correspond to our 
amoeboid tunic cells found along the epithelium of 
blood vessels. As for the large granule tunic cells, 
this is the first description in botryllid ascidians, 
and the lamellate substructure of the granule sug- 
gests that the contents of the granule may differ 
from those of the vacuo-granular tunic cell in other 
species. As shown above, the terms of tunic cells 
are different from author to author, and they had 
better be unified. Since the terms in the previous 
reports may be confounded with those of blood 
cells, we propose that the terms of tunic cells 
should be followed with the words “tunic cell”, as 
those in the present study. 

The morphology and classification of tunic cells 
have been described in some other ascidians, such 


as Phallusia mammillata [12], Perophora viridis 
[13], Pyura stolonifera [14], Ciona intestinalis [15], 
Diplosoma listerianum and D. macdonaldi {16}. 
Amoeboid tunic cell in botryllids resembles lym- 
phocyte in P. stolonifera and filopodial cell in 
Diplosoma, and vacuo-granular tunic cell resem- 
bles vanadocyte in P. mammilata and P. viridis and 
morula cell in P. stolonifera and C. intestinalis. 
However, it is very difficult to discuss about the 
homology among these tunic cells on the basis of 
their morphology alone. 

In the botryllids studied here, some tunic cells 
show intermediate characteristics of amoeboid and 
vacuo-granular tunic cells, and thus vacuo- 
granular tunic cells probably differentiate from 
amoeboid tunic cells in the tunic. Similar observa- 
tions have been reported in Pyura stolonifera [14] 
as follows; the cells observed in the tunic were 
either lymphocytes, morula cells or cells of in- 
termediate characteristics. On the other hand, it is 
uncertain whether the tunic cells have proliferative 
activities and where they originate from. The 
morphology of the amoeboid tunic cell suggests 
that the haemoblasts in blood cells or the 
epidermal cells are possible candidates of the 
origin of amoeboid tunic cells. 

It was proved that the amoeboid and vacuo- 
granular tunic cells were migrating in the tunic 
matrix in this study. Izzard [5] has also reported on 
the motility of tunic cells in B. schlosseri; filopodial 
cells (vacuo-granular tunic cells) move at about 4 
ym/min at their maximum and amoeboid cells 
(amoeboid tunic cells) move at 7-8 um/min. 
These speeds are similar to the results of the 
present study. The motility suggests that tunic 
cells can gather or escape in the tunic matrix, 
responding to some reactions, such as traumata, 
bacterial invasion or allo-recognition. 

As for the function of tunic cells, Endean [12] 
and Kalk [17] expected that some of tunic cells 
might be responsible for tunic formation and secre- 
tion in solitary ascidians. However, morphological 
studies have suggested that epidermal cells secrete 
tunic in botryllid species [18, 19]. On the other 
hand, Parrinello et al. [20-22] have shown that 
tunic cells are involved in “inflammatory-like re- 
sponse” to eliminate irritants injected in the tunic 
of Ciona intestinalis. We expect that tunic cells in 
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botryllid species are responsible for the defense 
against infections and for allo-recognition in col- 
ony specificity. In the tunic, there are thread-like 
bacteria, and it is uncertain whether they are 
symbiotic or pathogenic. Since they are also found 
in amoeboid tunic cells or dangle around 
vacuolated tunic cells, there may be some interac- 
tions between the tunic cells and the bacteria. In 
turn, it is worth mentioning that other types of 
bacteria are rarely found in the tunic. This indi- 
cates that the tunic possesses a defense system 
against bacterial infection. In botryllid ascidians, 
colony specificity is an occurrence of allo- 
recognition between colonies; when two conspe- 
cific colonies come into contact at their growing 
edges, they fuse into single colony sharing a com- 
mon vascular system or reject with each other, 
depending on the genetic combinations. The tunic 
around the contact area is the site of the allogeneic 
rejection reaction. In the early stage of the rejec- 
tion reactions in Botrylloides fuscus, vacuo- 
granular tunic cells often break down and dis- 
charge the contents of granules in the tunic matrix 
{Hirose, Unpublished]. This suggests that tunic 
cells are possibly involved in the allo-recognition 
and/or the induction of allo-specific rejection. 
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Kieffer (Diptera : Chironomidae) 


Jat PAL Gupta and AJAI KUMAR 


Genetics Laboratory, Centre of Advanced Study in Zoology, 
Banaras Hindu University, Varanasi 221 005, India 


ABSTRACT—Chromosomal studies pertaining to the mitotic and polytene chromosomes, nucleolus, 
C-band positive heterochromatin and naturally occurring chromosomal polymorphism have been 
undertaken for the first time in Chironomus striatipennis. Our present analysis of larval samples from six 
different Indian natural populations has yielded four paracentric inversions in this species. The 
distribution of inversions in relation to the interspecific competition and environmental conditions has 


been discussed. 


INTRODUCTION 


The flies of the family Chironomidae, particular- 
ly those of the genus Chironomus, have contri- 
buted remarkably in elucidating several important 
phenomena of cytogenetics. Despite this, Indian 
species of Chironomus have been largely neglected 
until recently. It is, however, only very recent that 
the importance of these flies has been appreciated 
by various workers in India [1-3]. 

The present paper deals with the results of some 
chromosomal studies undertaken for the first time 
in Chironomus striatipennis, a commonest and 
wide-spread Indian species. 


MATERIALS AND METHODS 


The larvae for the present study were collected 
from six different isolated aquatic localities in the 
vicinity of Varanasi. All localities were of semi- 
permanent nature. Out of them, three localities 
namely Zoology Department, Central Office and 
Hostel Campus were situated within the area of 
the Banaras Hindu University (BHU), whereas 
the remaining localities, Saket Nagar, Naharia and 
Bhagwanpur placed approximately within a radius 
of 5 km from BHU campus. At Saket Nagar, 
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Naharia and Zoology Department Chironomus 
striatipennis was found to coexist with a closely 
related species, Ch. circumdatus, while at other 
three localities the former species lived solitary. 
The culture of this species was also established in 
our laboratory following the procedure of Hagele 
[4]. 

The mitotic chromosomes, polytene chromo- 
somes and their photomap were prepared from 
mid 4th instar larvae by the methods adopted by 
Kumar and Gupta [3]. The numbering of polytene 
chromosome was done in decreasing order of size, 
chromosome I being the largest and chromosome 
IV the shortest. For marking centromeric position 
in each chromosome, the BSG method of Sumner 
[5] was used with minor modification as suggested 
by Lentzios et al. [6] for polytene chromosomes. 
The left and right arms of a polytene chromosome 
corresponding to a mitotic metacentric chromo- 
some were marked arbitrarily after determining 
the position of the centromere. Some important 
landmarks in each chromosome were also detected 
in order to facilitate its quick identification. 

For naturally occurring chromosomal poly- 
morphism a considerable number of wild caught 
larvae from six foresaid localities were examined 
through their polytene chromosomes. The fre- 
quency of each inversion heterozygote and the 
mean number of heterozygous inversions per indi- 
vidual in each population were also inspected. 
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RESULTS 


Mitotic chromosomes 


The karyotype of this species as revealed by the 
mitotic metaphase chromosomes from the larval 
brain ganglion consists of 3 pairs of metacentrics 
and 1 pair of small rod-like chromosomes (Fig. 
la). The X and Y chromosomes are not disting- 
uished from each other. 


Polytene chromosomes 


The salivary gland nuclei of this species com- 
prise four unequal polytene chromosomes which 
lie freely within the nucleus in the absence of an 
organized common chromocenter. These chromo- 
somes have been designated from I to IV in the 
order of decreasing length. Each chromosome has 
been further characterized by the presence of 


certain constantly occurring landmarks (Fig. 2). 


Chromosome I 


This chromosome, besides being the longest, 
can be distinguished also by its flared tip, a large 
puff in 6E, a spindle-shaped structure with a 
medianly placed thick dark band corresponding to 
the centromere in 3D-4A and a puff-like swelling 
in 2C region. 


Chromosome IT 


This chromosome is smaller in its size than the 
chromosome I. Besides this, its fan-shaped free tip 
in 11D, two closely placed thick dark bands in 11B, 
two small bulb-like swelling containing several fine 
bands in 8D and 9D and a characteristic swollen 
segment in 7B were also found to be of great 
diagnostic importance. 


Fic. 1. Chironomus striatipennis a) Mitotic metaphase chromosomes, b) showing association of nucleolus with IV 
chromosome, c) arrows: centromeric C-band. nu: nucleolus. 
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Fic. 2. Photomap of the polytene chromosome of Chironomus Striatipennis. Arrows: Centromere position. 


Chromosome III 


This chromosome is found to be much smaller 
than the foregoing two chromosomes. However, 
its highly expanded free tip in 15E, two consecu- 
tively placed spindle-like structures in 13B-E and a 
large bulb with several dark bands in 14E also 
proved to be of great importance. 


Chromosome IV 


This chromosome, besides being the shortest, is 


further characterized by its terminal splitting and 
also bearing the nucleolus in 18C segment. 


Nucleolus 


The association of nucleolus with the salivary 
gland chromosomes of CA. 
observed. Detailed chromosome analysis revealed 
that the 18C segment of the chromosome IV was 
associated with nucleolus (Fig. 1b). 


striatipennis Was 
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Fic. 3. 


C-banding 

The C-banding technique was used in order to 
define centromere position in the polytene 
chromosomes of Ch. striatipennis. By this techni- 
que it could be possible to visualize C- 
heterochromatin in the form of a deeply stained 
band at the site of centromere in each chromo- 
some: the centromeres of chromosomes I, II, III, 
and IV were identified on 3/4, 8/9, 13/14 and 16A 
segments respectively (Fig. 1c). 


Chromosomal Polymorphism in Indian Natural 
Populations 


A little over 1200 larvae of Ch. striatipennis from 
six different localities mentioned above were 
analysed for naturally occurring chromosomal 
polymorphism. In this species four paracentric 
inversions were found, and they were arbitrarily 
designated as a, b, c and d (Fig. 3a-d). The 
inversions a and b were found in the left and right 


Inversion in IL (a), IR (b), IIL (c) and IIIL(d). 


arm of chromosome I respectively, while inver- 
sions c and d involved the left arm of chromosome 
II and III respectively. The breakpoints of these 
inversions were determined with the help of the 
standard photomap of polytene chromosome of 
this species (Table 1). The frequencies of various 
inversion heterozygotes and the mean number of 
heterozygous inversions per individual in different 
populations were also calculated (Table 2). The ¥7 
values and associated probabilities between 


TABLE 1. Details of various paracentric inversions 
in Ch. striatipennis, their positions, breakpoints 
and types of inversions 


Inversion pre east e Position Breakpoints 
a IL Submedian 1D ;3C 
b IR Subterminal 4D ;6C 
Cc IIL Submedian 7C ;8B 
d IHL Subterminal 12B;13A 
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TABLE 2. 


Frequencies (in percent) of various inversion heterozygotes and the mean number of 


heterozygous inversions per individual in natural populations of Ch. striatipennis 


Inversion heterozygotes 


Mean number of 


Population pitch Inversion a Inversion b Inversion c Inversion d phot ae 
IL IR HL HIL Sle 
Sympatric 
Zoology Dept. 260 12.30 17.69 8.46 14.61 0.53 
Saket Nagar 200 18.00 14.50 9.50 16.50 0.58 
Naharia 180 iets) 21.11 10.00 18.89 0.65 
Allopatric 
Central Office 175 6.85 9.14 3.42 10.85 0.30 
Hostei Campus 200 6.50 4.50 3.00 8.50 0.22 
Bhagwanpur 225 9.30 8.00 2.66 S07 0.25 
TABLE3. Y° values (above diagonal) and associated probabilities (below diagonal) for different inversion 


heterozygotes between populations 


Sympatric Allopatric 
Population Boe a — - 
Zoology Dept. Saket Nagar Naharia Central Office Hostel campus Bhagwanpur 

Sympatric 

Zoology Dept. 4.20 11.48 15.42 41.55 28.45 
Saket Nagar >0.75 6.56 21.39 37.00 32.94 
Naharia >0.10 >0.25 27.16 49.10 44.12 
Allopatric 

Central Office >0.05 <0.005* <0.001* 8.36 4.61 
Hostel Campus <0.001* <0.001* <0.001* >0.75 3.60 
Bhagwanpur <0.001* <0.001* <0.001* >0.50 >0.75 


* Significant 


populations are given in Table 3. However, the 
data on homozygotes could not be scored for some 
of these inversions because of their small size 
which prevented us to analyse Hardy-Weinberg 
frequencies during present study. 


DISCUSSION 


The chromosomal complement in the genus 
Chironomus ranges from the standard number of 
four pairs (2n=8) to three pairs (2n=6) or, in one 
case to two pairs (2n=4) [7]. The karyotype of 
Ch. striatipennis comprises 4 pairs of chromosomes 
(2n=8) wherein the sex-chromosomes, like other 
Chironomus species, are not distinguished from 
the autosomes. However, several methods have 


evolved recently to ascertain the sex-chromosomes 
in chironomids [8-12]. In the present study a 
search was made especially for sex-associated in- 
versions, but none of the inversions exhibited such 
association with any particular sex. 

The nucleolus organizer region, containing parts 
of the genetic code for ribosomes, has also proved 
to be an excellent cytological marker for species 
identification even in the species with strict 
karyotypic — similarity. Our study in Ch. 
striatipennis revealed that only 18C segment of the 
chromosome IV is associated with nucleolus. This 
cytological marker proved to be of great help in 
separating the wild-caught larvae of Ch. 
striatipennis and Ch. circumdatus which are often 
found together in natural habitats. In Ch. circum- 
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datus both chromosome I and II exhibit association 
with the nucleolus though having karyotype similar 
to that of Ch. striatipennis [3]. 

Unlike Drosophila species, centromeric position 
in the polytene chromosomes of Chironomus is not 
clearly defined because of the absence of an orga- 
nized common chromocenter. However, C- 
banding analyses have revealed that C-band posi- 
tive segment tend to show in general preferential 
localization at regions designated as centromeres, 
telomeres and nucleolar organizers and at some 
interstitial regions of chromosomes. This has been 
noticed in several species of Chironomidae and 
Simuliidae [6, 13, 14]. However, in a number of 
chironomid species C-heterochromatin (constitu- 
tive heterochromatin) was not observed in all the 
regions mentioned above and this situation is not 
unique, but seems to wide-spread both in plant 
[15, 16] and animal species [17]. Despite this, the 
varying degree of amount and pattern of C- 
heterochromatin has been attributed to be of great 
evolutionary significance in Chironomus species 
[6]. 

In the present study C-banding technique was 
used in order to define centromeric position in the 
polytene chromosomes of Ch. Striatipennis. By 
this technique it could be possible to visualize 
C-heterochromatin in the form of a deeply stained 
band at the site of centromere in each chromosome 
(Fig. 1c). This technique was found to be of great 
help particularly in case of metacentrics to desig- 
nate their right and left arms. This was necessary 
for distinguishing a pericentric inversion from a 
paracentric inversion. 

It is well documented that inversion polymorph- 
ism is adaptive and this condition is maintained in 
nature Owing to the superiority of structural heter- 
ozygotes [18-20]. In the present study a little over 
1200 larvae of Ch. striatipennis from six different 
localities in India were examined for naturally 
occurring chromosomal polymorphism. This study 
has detected four paracentric inversions in this 
species (Fig. 3a-d). Our present data on geo- 
graphic distribution of these inversions show that 
though all the populations were found to be poly- 
morphic for the same inversions, the mean number 
of heterozygous inversions per individual varied in 
different populations ranging between 0.22 (Hos- 


tel campus) to 0.65 (Naharia). Among the inver- 
sions, a, b and d were found with higher frequen- 
cies in all localities than inversion c (Table 2). The 
inversion a and b were also found coupled together 
only in 5 larvae obtained from Saket Nagar. 
Moreover, the wide occurrence of these inversions 
suggests that they have not originated in the recent 
past. Further, the variation in the frequencies of 


‘inversion heterozygotes observed in different 


geographic populations seems to be in accordance 
with the assumption that different gene arrange- 
ments react in different ways to the different 
conditions of the environments [21, 22]. 

Perhaps one of the most striking features of the 
present study is the significant variation observed 
in the frequencies of inversion heterozygotes in 
two types of populations. For instance, all four 
inversion heterozygotes appeared relatively in 
much higher frequencies in the sample obtained 
from the localities where the larvae of Ch. 
striatipennis competed with those of Ch. circumda- 
tus than from the localities where the Striatipennis 
larvae inhabited solitary (Table 2). The statistical 
analyses also show that the difference in frequen- 
cies of inversion heterozygotes between sympatric 
and allopatric populations is significant (Table 3). 
Several studies have demonstrated that more than 
one selection component can be implicated in the 
maintenance of the polymorphism [23-25]. 
However, the fact that genetic variation for com- 
petitive ability exists in response to interspecific 
competition has also been reported by many work- 
ers [26-29]. 

No attempts was made to determine the effect of 
several other factors such as temperature, seasons, 
altitude and depth and therefore it seems prema- 
ture at present to conclude that interspecific com- 
petition alone has been largely responsible for the 
variations in the frequencies of inversion heterozy- 
gotes in these populations. Hence a more detailed 
investigation of various factors through laboratory 
experiments as well as field studies seems to be 
desirable. 
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Intraspecific Karyotype Variation in Hynobius kimurae Dunn 
(Urodela, Hynobiidae) by Analysis of C-banding' 
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ABSTRACT—C-banding analysis was performed on two previously reported karyotypes of Hynobius 
Kimurae. A difference in the amount of centromeric heterochromatin was observed between these two 
karyotypes. The karyotype with the larger amount of centromeric heterochromatin was assumed to be a 
derived type, since the amount of heterochromatin was unusual in comparison with the C-banded 


karyotypes of other Hynobius species. 


We observed the same C-banding patterns in the arms of 


chromosomes Nos. 1-9 and 11-14 in the two karyotypes, except for the C-bands in the centromere 
reions. Intra-populational karyotype variation was also found. 


INTRODUCTION 


The salamander, Hynobius kimurae, is distri- 
buted from west to central Honshu, Japan. On the 
basis of its breeding habitats and larval characteris- 
tics, this species has been classified as a mountain- 
brook type of Hynobius [1]. 

The karyotypes of H. kimurae from five locali- 
ties have been reported previously by Ikebe et al. 
[2]. The chromosome number of H. kimurae was 
found to be 2n=58. The existence of intraspecific 
karyotype variation in this species was also de- 
scribed. Populations with one karyotype were 
found in two separate districts (Tokyo Prefecture 
and Hyogo Pref.), whereas those having another 
Karyotype were found in the area between the 
above two prefectures. 

The C-banded karyotype of H. kimurae from 
Hakuba-mura (Nagano Pref.) has been reported 
by lizuka and Kakegawa [3]. However, no analysis 
of intraspecific karyotype variation using banding 
techniques has yet been published. 

In this paper, we present details of C-banding 
analysis of the two previously reported karyotypes 
of H. kimurae. Also, intra-populational karyotype 
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variation in specimens from Miyama-cho, Tokyo is 
newly described. 


MATERIALS AND METHODS 


Egg-sacs of H. kimurae were collected from 
Miyama-cho (Hachioji-shi, Tokyo Pref.) and Oshi- 
mizu-machi (Hakui-gun, Ishikawa Pref.), repre- 
senting the eastern and central areas of its range, 
respectively. Tail-bud stage embryos were used 
for chromosome analysis. Numbers of analyzed 
egg-sacs, embryos and metaphases are shown in 
Table 1. 

The techniques of chromosome preparation and 
C-banding used in this study have been described 
previously by Kohno ef al. [4]. The C-banding 
technique employed is the method of Sumner 
(CBG technique) [5] with slight modifications. 


TABLE 1. Years and sites of collection of H. kimurae, 
and numbers of egg-sacs, embryos and metaphases 
analyzed by C-banding 


. : ‘ Analyzed number of 
Collection site ie 


Bndiyear egg-sacs embryos metaphases 
Miyama-cho 1987 l & 38 
Miyama-cho 1988 2 8 34 
Oshimizu-machi 1988 3 6 30 
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RESULTS 


Karyotypes of H. kimurae from Miyama-cho 
and Oshimizu-machi are shown in Figure 1. The 
karyotypes of H. kimurae from Miyama-cho and 
Oshimizu-machi correspond to the previously de- 
signated types 1 and 2, respectively [2]. There are 
differences between the two karyotypes in the 
features of chromosomes Nos. 10 and 15-29. With 
regard to chromosomes Nos. 15-29, we observed 5 


pairs of metacentric chromosomes and 10 pairs of 
acrocentric chromosomes in type 1, and 8 pairs of 
meta- and submetacentric chromosomes and 7 
pairs of subtelo- and acrocentric chromosomes in 
type 2. 

C-banded metaphases from specimens at the 
two localities at approximately the same level of 
condensation are shown in Figure 2. All of the 
centromere regions on chromosomes from Oshimi- 
zu-machi specimens have particularly large C- 
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Fic. 1. Conventional Giemsa-stained karyotypes of H. kimurae from two localities. 
A: Miyama-cho (type 1) B: Oshimizu-machi (type 2). 
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Fic. 2. C-banded metaphases of H. kimurae from two localities. 
A: Miyama-cho B: Oshimizu-machi. 


positive bands (Fig. 2-B). C-banded karyotypes 
from specimens at the two localities are shown in 
Figure 3. We observed the same C-banding pat- 
terns in the arms of chromosomes Nos. 1-9 and 
11-14 in the two karyotypes, except for the C- 
bands in the centromere regions. In chromosomes 
Nos. 15-29, we identified only three pairs (Nos. 
20-22) of type 1 (Fig. 3-A). 

In the specimens from Miyama-cho, we 
observed intra-populational karyotype variation 
(Fig. 4). Four of eight embryos analyzed in 1987, 
and three of eight embryos analyzed in 1988 had a 
marker chromosome, indicated by an arrow in 
Figure 4. We were unable to observe the marker 
chromosome as a pair. This marker chromosome 
had particularly dark C-bands in the regions of the 
centromere and the telomere of the long arm (Fig. 
5). Furthermore, one metacentric chromosome 
among chromosomes Nos. 15-19 was absent from 
all specimens which contained the marker chromo- 
some. 


DISCUSSION 


According to our C-banding analysis, there was 
a difference in the amount of centromeric heter- 
ochromatin between the two karyotypes of H. 
kimurae. Green [6] reported such a phenomenon 
between subspecies of the frogs, Rana aurora 
aurora and Rana aurora draytonii distributed in 
North America. The karyotypes of these subspe- 
cies were very similar, except that all the chromo- 
somes of R. a. draytonii had greatly enlarged 
centromere regions, which were darkly stained by 
the C-banding technique. Rana a. draytonii was 
found to have nearly twice as much centromeric 
heterochromatin per cell as R. a. aurora. Green 
[7] assumed that the karyotype of R. a. aurora was 
a primitive type because the unusually large 
amount of centromeric heterochromatin of R. a. 
draytonii in comparison to the C-banded 
karyotypes of other Rana species. In H. kimurae, 
we also assume that the karyotype in specimens 
from Miyama-cho (type 1) is a primitive type, 
whereas that in specimens from Oshimizu-machi 
(type 2) is a derived type. We arrived at this 
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Fic. 3. C-banded karyotypes of H. kimurae from two localities. A: Miyama-cho B: Oshimizu-machi 
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conclusion because we have not observed such a 
large amount of centromeric heterochromatin as 
that of type 2 in C-banding analyses of other 
Hynobius species [4, 8-10]. It is noteworthy that 
similar centromeric mutations occurred in both 
American Anura and Japanese Urodela. Green 
[6] considered that the amplification of cen- 
tromeric heterochromatin in R. a. draytonii is best 
explained as a case of selective enhancement of 
non-coding, simple sequence DNA. The finding in 
H. kimurae could also be interpreted in a similar 
way. 

Intraspecific morphological variations of 
chromosome No. 10 have been observed not only 
in H. kimurae but also in other Hynobius species 
[4, 9]. We have inferred that the evolutionary 
change of chromosome No. 10 in ten pond-type 
Hynobius species involves a diminution in the 
length of the short arm, which is stained C-band 
positive [11]. In H. kimurae, the length of the 
short arm of chromosome No. 10 would also de- 
crease. As stated above, the type 2 karyotype, 
having a smaller short arm in chromosome No. 10, 
is the derived type. 


There were differences in the features of 
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C-banded karyotype of H. kimurae having the marker chromosome of specimens from Miyama-cho. 


chromosomes Nos. 15-29 between the two 
karyotypes of H. kimurae. These differences seem 
to have resulted from amplification of the cen- 
tromeric heterochromatin in these 15 chromosome 
pairs, and the formation of a short arm in more 
than 3 chromosome pairs in type 2. 

We observed the same marker chromosome as 
that shown in Figure 4 in specimens from Okuta- 
ma-machi (Nishitama-gun, Tokyo Pref.) by con- 
ventional Giemsa-staining (Ikebe, unpublished 
data). Therefore, an presence of the marker 
chromosome is not a feature peculiar to the 
population at Miyama-cho. The specimens from 
both Miyama-cho and Okutama-machi had the 
type 1 karyotype. We were unable to observe the 
marker chromosome in specimens having the type 
2 karyotype. According to the karyotype analysis, 
this marker chromosome seems to have resulted 
from transformation of one metacentric small- 
sized chromosome. 
certainty whether this marker chromosome indi- 
cates the presence of morphologically differenti- 
ated sex-chromosomes or autosomal polymorph- 
ism, since embryos were used in this study. 


We cannot conclude with 


Fic. 4. 
Miyama-cho. 


Conventional Giemsa-stained karyotype of H. kimurae having the marker chromosome of specimens from 
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A Chromosomal Study on the Genus Chymomyza (Diptera: 
Drosophilidae) from Northern Japan 
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ABSTRACT—The karyotypes of four drosophilid species of the genus Chymomyza, fuscimana, 
distincta, caudatula and costata, are studied by brain cell-Giemsa staining technique. They show the 
same number of diploid chromosomes, 2n=8, consisting of two pairs of relatively large metacentric 
autosomes, one pair of microchromosomes and one pair of sex chromosomes, excepting two pairs of 


submetacentric autosomes in Ch. caudatula. 


INTRODUCTION 


As Clayton and Guest [1] have stated, chromo- 
somal studies on genera other than the genus 
Drosophila are quite limited in the family Dro- 
sophilidae. Within the genus Chymomyza, only 
six species of about fifty have hitherto been studied 
karyologically [1-3], most of which are distributed 
in the New World. This is partly due to a difficulty 
in the maintenance of laboratory culture. We have 
examined metaphase chromosomes with brain 
cells of four species of the genus Chymomyza from 
northern Japan. 


MATERIALS AND METHODS 


All of the species were collected in timberyards 
at Sapporo in June and July, 1990, and their 
females were allowed to oviposit in glass vials with 
malt-yeast-sucrose medium. Preparations of mito- 
tic chromosomes were made with neuroblasts of 
the 3rd larvae treated with 0.1 mg/ml of colchicine 
solution, and stained with 4% Giemsa solution [4]. 
More than 30 metaphase configurations (usually 
50) were observed in each species. 
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RESULTS AND DISCUSSION 


Figs. la-d show metaphase configurations of 
Chymomyza_ fuscimana (Zetterstedt), distincta 
(Egger), caudatula Oldenberg and costata (Zetter- 
stedt), respectively. The former two species be- 
long to the fuscimana species-group and the latter 
two species to the costata species-group [2]. Ch. 
fuscimana showed two pairs of relatively large 
metacentric (V-shaped) autosomes, one pair of 
microchromosomes (dots) and one pair of sex 
chromosomes, and both X and Y chromosomes 
are telocentric (rod-shaped). Ch. distincta showed 
the same karyotype as Ch. fuscimana, except for 
its smaller Y chromosome. The karyotype of Ch. 
caudatula was composed of two pairs of sub- 
metacentric autosomes, one pair of dots, and 
relatively long telocentric X and Y chromosomes. 
Ch. costata possessed four pairs of chromosomes: 
two pairs of V-shaped autosomes, one pair of dots 
and one pair of sex chromosomes (acrocentric X 
and submetacentric Y). The present result is 
consistent with that of Hackman and his colleagues 
[5], who have examined the karyotype of a Finnish 
strain of this species. 

Throckmorton [6] has hypothesized that the 
genus Chymomyza might have derived from the 
way of Sophophoran radiation, together with the 
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Fic. 1. Male metaphase chromosomes in brain cells of four Chymomyza species. a, Ch. fuscimana;b, Ch. distincta ; 


c, Ch. caudatula; d, Ch. costata. Bar: 5 ym. 


melanogaster and other species-groups of the sub- 
genus Sophophora of the genus Drosophila. Chy- 
momyza is a compact group of the subfamily 
Drosophilinae and can be clearly dintinguished 
from other taxonomic groups by the diagnostic 
characters [2]. Further, the basic chromosome 
pattern is the same (2V+1R+1D) in most of the 
species of this genus examined so far [1], although 
chromosomal information is still too scanty. A 
similar karyotype has been observed in the mela- 
nogaster species-group, and this chromosomal 
affinity might support, to some extent, the taxono- 
mic position of the genus Chymomyza in the 
Throckmorton’s phylogenic tree [5, 6]. 

On the other hand, the recent cladistic analyses 
making use of immunological techniques [7] and 
electron microscopes [8] have demonstrated a far 
distant relationship between the genus Chymomy- 
za and the melanogaster species-group. These data 
indicate that a detailed study on polytene chromo- 
somes as well as metaphase configurations is neces- 
sary to establish the systematic position of the 
genus Chymomyza itself, or to trace the chromo- 
somal phylogeny of the members of this group. 
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Linkage Analysis of the X-linked Green Tail and Blue Tail 
Color Genes in the Guppy, Poecilia reticulata 
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ABSTRACT — Linkage between the X-linked green tail gene (Grt) and blue tail gene (Bir) determining 
tail color in the Green Snakeskin and Blue Snakeskin varieties of the guppy (Poecilia reticulata), 
respectively, was determined from segregation data of F, progeny from single-pair reciprocal crosses 
between these two varieties. The Grt and Bit genes are both dominant and X-linked but they are 
non-allelic. The average map distance between them was found to be 19.4 map units. 


INTRODUCTION 


Fancy strains of guppies have been commercially 
cultured in Singapore since the early 1950’s. Over 
the years through intensive selection of new color 
mutants and hybridization between strains by gup- 
py hobbyists and commercial breeders, the num- 
ber of fancy varieties have been steadily increas- 
ing. To date about 30 different varieties are reared 
on monoculture farms in Singapore [1]. Previous 
studies showed that the green tail color of the 
Green Snakeskin variety (GSS) was mediated by 
an X-linked dominant gene, Grt [2]. Genetic 
studies on the blue tail coloration of the Blue Tail 
and Blue Snakeskin (BSS) varieties showed that it 
was determined by an X-linked dominant gene 
(Bit) [3-6]. The iridescent snakeskin body and tail 
patterns, characteristic of males of the BSS and 
GSS varieties were confirmed by Phang er al. to be 
determined by two closely linked genes (Ssb and 
Sst) on the Y-chromosome [2, 6]. However, stu- 
dies have not been carried out to determine 
whether the X-linked Bit and Grt genes are allelic. 
Thus the aim of this paper was to test for allelism 
and linkage relationships between these two X- 
linked tail color genes. 
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MATERIALS AND METHODS 


Source of the fish 


Two- to three-week old fry of the Blue 
Snakeskin and Green Snakeskin varieties were 
obtained from a fish farm in Singapore. Virgin 
females were required for the crosses since ferti- 
lization in the guppy is internal and females can 
retain sperm for several months after a single 
insemination. The fry were raised in 33 liter clear 
plastic tanks (20 fish/tank) in the aquarium area of 
the Department of Zoology, National University 
of Singapore, at temperatures of 26-28°C. Sexual 
differentiation takes place at 4-6 weeks of age 
under laboratory conditions. The young fish were 
checked daily for developing males and these when 
spotted were immediately removed and raised 
separately from females. 


Description of the varieties 


Adult BSS males are charcterized by silvery 
snakeskin-like pattern on the body, and dark navy- 
blue colored tails (Fig. 1A). Genetic studies on the 
BSS variety have shown that males carry three 
sex-linked genes which determine the color phe- 
notype; the X-linked blue tail gene (Blt) and the 
Y-linked snakeskin body (Ssb) and snakeskin tail 
(Sst) genes [6]. GSS males carry the the X-linked 
Grt gene which gives the greenish-yellow tail color 
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Fig. 1B. A pair of Blue Snakeskin guppies. Female (right) and male (left) 


and the Y-linked Ssb and Sst genes responsible for 
the snakeskin body pattern and the black 
snakeskin-like reticulations on the tail, respective- 
ly (Fig. 1B). Both BSS and GSS females have the 
normal wild-type body coloration and do not have 
the snakeskin patterns. BSS females have partial 
expression of the navy-blue tail color, while GSS 
females have slight green and grey spotting on the 


tail. 


Reciprocal crosses 


Testing of allelism between the X-linked Bit and 
Grt genes present in the BSS and GSS varieties, 
respectively, was conducted by performing recip- 
rocal crosses between the two varieties. Single- 
pairs were set up using 3-month old sexually 
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mature virgin fish. The pairs were kept in eight 
liter breeding tanks. The following notations were 
used for the crosses: 

Cross 1: BSS male x GSS female 

Cross 2: GSS male x BSS female 

F, broods were usually produced 4-6 weeks 

after mating. The segregation of color phenotypes 
among the F; progeny was recorded. Phenotypic 
proportions among the F; progeny were subjected 
to Chi-square tests. F, broods were obtained from 
single-pair matings between full-sib F; progeny. F; 
females that were not used for breeding and all F, 
females were treated with the androgen, methyl 
testosterone, to manifest sex-limited color genes 
carried by them [7, 8]. 


RESULTS 


Cross 1 (Blue Snakeskin male X Green Snakeskin 
female) 

A total of 119 male and 93 female F; progeny 
were obtained from 12 matings of this cross (Table 
1). All F; males had the GSS phenotype with the 
distinct snakeskin body and greenish-yellow tail 
with black reticulations. Thus the F; males inher- 


TABLE 1. 


ited the X-linked green tail gene (Grt) from the 
GSS female parent and the Y-linked snakeskin 
body and tail genes (Ssb and Sst) from the BSS 
male parent. The caudal fin of the F; females had 
a tinge of dark blue. After treatment of F, females 
with androgen, blue and greenish-yellow color 
manifested prominently on the tails showing that 
they inherited the X-linked blue tail (B/r) and 
green tail (Grt) genes from their male and female 
parents, respectively. The F; females were clas- 
sified as having the blue tail, green tail phenotype 
(BGT). The Chi-square test showed that the 
observed male and female F,; data conformed to 
the expected 1:1 ratio (¥7=3.19, P>.05). 

Table 2 shows the proposed genetic model for 
the segregation of the two X-linked gene loci (Bit 
and Grt) for Cross 1 and the resulting F, and F, 
progeny. Both F, and F, data supported this 
model and showed the X-linked Bilt and Grt genes 
were non-allelic. Crossing-over between the Blt 
and Grt genes in the heterozygous F; females 
resulted in four color phenotypes among the F, 
male progeny (Table 2). The two parental phe- 
notypes among the F; males were BSS and GSS. 
The two recombinant F, male phenotypes were; 
Blue Green Snakeskin (BGSS) which could be 


Segregation of color phenotypes among the F, and F, progeny of single-pair 


matings of Cross 1 (Blue Snakeskin male x Green Snakeskin female) and Cross 2 
(Green Snakeskin male x Blue Snakeskin female) 


Cross No. of 
(Cross No.) Gen. matings 
BBS x GSS F, 12 
(Cross 1) F, 15 
GSS x BSS F, 11 
(Cross 2) F, 7 
BSS__: Blue Snakeskin phenotype 
GSS _ : Green Snakeskin phenotype 
BGT : Blue, Green Tail phenotype 


GT: Green Tail phenotype 


No. and phenotypes of Progeny 


Males Females 
119 GSS 93 BGT 
45 GSS 65 GT 
49 BSS 60 BGT 
*13 BGSS 

“lS Wiss 

98 BSS 83 BGT 
77 BSS 97 BT 
84 GSS 81 BGT 
*13 BGSS 

“Li Wiss 


: Blue, Green Snakeskin phenotype (recombinant type) 
: Wild-type Snakeskin phenotype (recombinant type) 
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TABLE 2. 


Proposed genetic model to show segregation and crossing-over of tail color 


genes (Bit and Grt) in the cross between a Blue Snakeskin male and Green Snakeskin 


female (Cross 1) 


CROSS 1 
BLUE SNAKESKIN MALE < GREEN SNAKESKIN FEMALE 
£ X Bu,Grtt Yssb,Sst X pitt .Grt X pitt .Grt 
{ 
F, 
X Bit+.Grt Yssb,Ssr X Bit-+.Grt X Bit,Grit 


Green Snakeskin males 


F, NON-CROSSOVERS 


NAceniss? 
Green Snakeskin males 


X Birt ,Grt 


Blue/Green Tail females 


X But ,Grt 


X B+ .Grt 
Green Tail females 


Yossb,Sse 
Blue Snakeskin males 


X Bn.Grtt 


X Birt ,Grt X Bit,Grtt 


Blue/Green Tail females 


F, CROSSOVERS 


————— 


X Bir,Gre Y ssp »Sst 


Blue/Green Snakeskin males 


X But ,Grtt Y ssp Sst 


Wild-Type Snakeskin males 
Legs 


xX Blt,Grt xX Blt+ ,Grt 


*Blue/Green Tail females 


X Birt ,Grtt X Bunt ,Grt 


“Green Tail females 


* Crossover F, females cannot be distinguished from non-crossover F, females 


recognized by the snakeskin body and greenish- 
yellow tail with large dark blue patches and black 
reticulations, and; Wild-type Snakeskin (WTSS) 
which characteristically had the _ iridescent 
snakeskin body pattern and silvery reticulations on 
the hyaline tail (Fig. 2A and 2B). The total num- 
ber of F> non-crossovers was 94 and that of cros- 
sovers was 28 (Table 1). The recombination fre- 
quency between the Bit and Grt genes estimated 
from the percentage of crossover males of the total 
F, males (28/122 x 100%) was 23.0%. 

Table 2 showed that the crossover value could 
not be obtained from the F, female data since the 
recombinant phenotypes were identical to the 
parental ones. 


Cross 2 (Green Snakeskin male x Blue Snakeskin 
female) 


Twelve matings of this cross gave a total of 98 F, 
males with BSS phenotype and 83 F, females with 
blue and green tail phenotype (BGT) (Table 1). 
The data conformed to the expected sex ratio of 1 
male:1 female (77=1.24, P>.05). The F, males 
inherited the X-linked Blt gene from the BSS 
female parent and the Y-linked Ssb and Sst genes 
from the GSS male parent. The F, females inher- 
ited the X-linked Blt and Grt genes from the BSS 
female and GSS male parent, respectively. 

There were four color phenotypes among the F) 
male progeny due to crossing-over and recombina- 
tion (Table 3). Among the non-crossovers were 77 
BSS males and 84 GSS males (Table 1). The 
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crossover F, males consisted of 13 BGSS and 17 
WTSS (Fig. 2A and 2B). The recombination fre- 
quency between the Bit and Grt genes calculated 


as the percentage of crossover males to the total 
number of F> males (30/191 «x 100), was found to 
be 15.7%. 

As in Cross 1, Table 3 showed that the F, female 
data could not give any estimate of recombination 
frequency since non-crossovers and crossovers had 
identical phenotypes. 


Fic.2A. A _ crossover F, male with 
snakeskin body and _ greenish-blue 
snakeskin tail (Blue, Green Snakeskin- 
BGSS). 

Fic.2B. A _ crossover F,; male with 
snakeskin body and hyaline tail with 
snakeskin pattern (Wild-type Snake- 
skin-WTSS) (above). A F, female with 
wild-type phenotype (below). 


DISCUSSION 


Data on crossing-over have been used in the 
mapping of sex chromosomes in the guppy [5, 6, 
9-11]. Two estimates of recombination frequency 
between the X-linked Blt and Grt genes were 
obtained from the F, data of reciprocal crosses 
between the BSS and GSS varieties. From Cross | 
the crossover value was 23.0% while that from 
Cross 2 was 15.7% giving an average map distance 
of 19.4 units between the X-linked B/t and Grt 
genes, showing that these two genes are not closely 


linked. 


However, the discrepancy between the 
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Proposed genetic model to show segregation and crossing over of tail color 


genes in the cross between a Green Snakeskin male and Blue Snakeskin female 


TABLE 3. 
(Cross 2) 

CROSS 2 
GREEN SNAKESKIN MALE x< 

EB 

X Bit .Grt Yssb,sst 

| 

F, 


Vocpisst 
Blue Snakeskin males 


X Bn.Grtt 


BLUE SNAKESKIN FEMALE 


X Bu.Grtt X Bn.Grtt 


X But ,Grt 
Blue/Green Tail females 


X Bit,Grt+ 


F, NON-CROSSOVERS 


X Bu,Grit 
Blue Snakeskin males 


Yssb,sst 


X pitt ,Grt Weys Sst 


Green Snakeskin males 


F, CROSSOVERS 


X Bit,Grt Nasenisst 


Blue/Green Snakeskin males 


X Birt ,Grtt Yssb Sst 


Wild-Type Snakeskin males 


X Bn,Grtt X Bi.Grtt 


Blue Tail females 


X Birt ,Grt X Bit,Grt+ 


Blue/Green Tail females 


X Bn,Gre X Bit,Grt+ 


*Blue/Green Tail females 


X But ,Grtt X Bit,Grtt 


*Blue Tail females 


* Crossover F, females cannot be distinquished from non-crossover F, females 


two crossover values meant that more estimates 
have to be obtained before firmer conclusions 
could be drawn. 


ACKNOWLEDGMENTS 
This work was supported by a grant from the National 5 
University of Sinapore. The authors wish to thank K. J. 
Goh for photography of the fish. 
REFERENCES 
1 Fernando, A. A. and Phang, V. P. E. (1985) 
Culture of the guppy, Poecilia reticulata in Singa- a] 


pore. Aquaculture, 51: 49-63. 
2 Phang, V. P. E., Ne. L. N. and Fernando, A: A. 


(1989) Inheritance of the snakeskin pattern in the 8 


guppy, Poecilia reticulata. J. Hered., 80: 393-399. 
3 Phang, V. P. E., Chow, O. K. and Fernando, A. A. 


(1985) Genetic analysis of scale chromatophores of 
two domesticated varieties of the guppy, Poecilia 
reticulata. J. Singapore Nat. Acad. Sci., 14: 1-5. 
Phang, V. P. E., Fernando, A. A. and Chow, O. K. 
(1986) Inheritance of body and tail coloration in two 
domesticated varieties of the guppy. Aquaculture, 
S78 Si. 

Fernando, A. A. and Phang, V. P. E. (1988) 
Evidence for X- and Y-linkage of a tail colour gene 
in a domesticated variety of the guppy, Poecilia 
reticulata. J. Singapore Nat. Acad. Sci., 17: 12-16. 
Phang, V. P. E., Fernando, A. A. and Chia, E. W. 
K. (1990) Inheritance of the color patterns of the 
Blue Snakeskin and Red Snakeskin varieties of the 
guppy, Poecilia reticulata. Zool. Sci., 7: 419-425. 
Hildemann, W. (1954) The effects of hormones on 
secondary sex characters of Lebistes reticulatus. J. 
Exp. Zool., 121: 1-5. 

Fernando, A. A. and Phang, V. P. E. (1985) 
Expression of sex-limited color pattern genes in 
selected strains of female guppies Poecilia reticulata 


Linkage of Two Tail Color Genes in Guppy 981 


with androgen treatment. J. Singapore Nat. Acad. 
Sci., 14: 157-159. 
Winge, O. (1934) The experimental alteration of 
sex chromosomes into autosomes and vice versa, as 
illustrated by Lebistes. C. R. T. Lab. Carlsberg, Ser. 
Physiol., 21: 1-49. 


10 


11 


Winge, O. and Ditlevsen, E. (1947) Color inheri- 
tance and sex determination in Lebistes. Heredity, 
1: 65-83. 

Nayudu, P. L. (1979) Genetic studies of melanic 
color patterns, and a typical sex determination in the 
guppy, Poecilia reticulata. Copeia, 2: 225-231. 


tind _—_—  ) Se aa ae 
7 i - ot = 
7 4 


‘peu? 


hate DMT) Bonenipthied oan we we 
iborsh i er es Sore 


i en 
Gnelayy bs oath “en CVPR) 24 uy iC Sb 


tt ni polenteetsh toa tee fom earetind Hay > 
(Ft -P2S 16 eer ey bloc Aone “ 


x 
; 
4 
} 
aes 
d 
; P 
‘ ik 
a J 
>. I 
* y “4 Ai 
E- 
SS 4 Mes 
: s 
ee) 
ae ae 
‘ 
9 ms s. 
1 = 
> ion) i) 
~ i 
‘ - 
i ‘ 
: 
, ¥ 
: 
x: 
j ; 
m 
} 
, £ 
- y 1 ab 
ES oe 
Zi 
2 
; 
1 
{ 
e 
; 
, 
5 
/ — 
- —= 
: 
f 
if 
! 
; 
‘ 
¢ Bix rile log ray pany ’ 
e : ‘ o 4 
ad ‘aos ; 
oe ae truine «i team poppe Cae 
— i+ = Y 7 @ 7 
= ‘2= 
“s ‘ = 
‘ 
“ 4 } 


ZOOLOGICAL SCIENCE 8: 983-989 (1991) 


© 1991 Zoological Society of Japan 


Thermoregulation and Habitat Preference in Two Wing Color 
Forms of Mnais Damselflies (Odonata: Calopterygidae) 
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ABSTRACT— Thoracic temperatures of Mnais damselflies with wing color dimorphism (pale orange vs 


hyaline) were compared with ambient and radiation temperatures. 
remained on perches in sunflecks in deciduous forests. 


All sexually immature adults 
They controlled their thoracic temperature 


against radiant heat load in similar manner. After maturation, territorial males, with orange wings, 
were seen to spend much time perching in open streams, increasing the degree of thermoregulation. 
They changed some physiological properties, probably due to the quantity of haemolymph because of 
decline in water content of the thorax. Although there was a similar decline in water content of mature 
females, with orange wings, change in the body temperature did not show higher degree of 
thermoregulation because of their perching behavior for mating in open streams. Both sexes of mature 
insects with hyaline wings were restricted to deciduous forests. Their water content ratio did not vary 
with ageing. The response of controlling thoracic temperature to ambient and radiation temperature 
was similar to that in immature adults. The high degree of thermoregulation clearly allowed mature 
insects with orange wings to be active under direct sunlight. 


INTRODUCTION 


Thermoregulation is an important behavioral 
activity in adult Odonata. Since they spend much 
time in sunlight, in either open or closed habitats 
[1-2], any behavior that regulates body tempera- 
ture would be advantageous. Some peculiar post- 
ures such as an “obelisk” are those used for 
regulation of thoracic temperature against solar 
radiation [3]. In low temperatures they shiver or 
whir their wings for basking [4]. 

Based on the means of thermoregulation, 
“fliers” and “perchers” were recognized in Odona- 
ta considering their active period on the wing [5]. 
Soaring or gliding in high temperatures is com- 
monly seen in the former type of species. Their 
heat transfer between abdomen and thorax by 
haemolymph was clarified [4]. The energy meta- 
bolism for soaring flight was similar to the resting 
metabolism because wings are essentially im- 
mobile [6]. On the other hand, in the latter type of 
species perched under direct sunlight. However, 
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there was no evidence of heat transfer in the body 
[7]. 

The Japanese Mnais-species is regarded as a 
percher. It shows a remarkable polymorphism 
including wing polychromatism in both sexes and a 
complicated geographical variation in Japan. 
Wing dimorphism and differences in habitat pre- 
ference have been considered to be an adaptation 
for thermoregulation in Colias butterflies [8]. In 
the present study, I compared wing polymorphism 
for the thermoregulation againt solar radiation and 
ambient temperature in relation to ageing, and 
discussed their habitat preference. The water 
content in their thorax is also measured as an 
indicator of the quantity of haemolymph. 


MATERIALS AND METHODS 


Two distinct forms with pale orange and hyaline 
wings in Mnais-species have been recognized for 
both sexes in Tsu, Mie Prefecture, central Honshu, 
Japan [9]. The orange-winged damselflies mainly 
inhabit open fields where some males hold territor- 
ies. They belong to M. pruinosa nawai Yamamo- 
to, according to Asahina [10]. On the contrary, 
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hyaline-winged damselflies always stay in closed 
habitats such as sunflecks on forest floors. They 
still have no scientific name (Mnais sp.) but have a 
Japanese name, Hiura-kawa-tombo [11]. They do 
not show clear territorialism. Since it has been 
included in some different classificatory systems by 
certain taxonomists [10, 12], in this paper, I have 
adopted the wing color division for referring to 
each group of Mnais-damselflies. 

The survey area was located in Tsu, Mie Prefec- 
ture. It includes paddy fields and a deciduous 
forest with various sizes of sunflecks. Study plots 
were prepared along a stream in the paddy fields 
(300 m long) and in the forest (400 m long). The 
former is an open habitat, where the stream is 1 m 
wide. Study plots with a 5 m width were set up on 
either side of the stream. The latter is a shaded 
habitat, where the study plots were set up 50 m on 
either side of a stream less than 1 m in width. 

The field survey was made on 20 windless and 
sunny days between 28th April and Ist July, 1988. 
On each sampling day, I surveyed along the stream 
and on the paths of the neighboring forest floor. 

The thoracic temperature of the damselflies was 
measured chiefly during the period between 08 : 00 
and 17:00, because mature males arrived in the 
stream or sunflecks from roosting sites after 08 : 00 
and left at around 16:00 [13]. All the damselflies 
found were captured by a net after recording their 
perching postures. The thoracic temperature was 
measured within 10 sec from the time of capture. 
If the time from capturing to measuring exceeded 
10 sec, or if I touched their thorax or abdomen, the 
damselfly was marked and released without 
measuring. A pocketable digital thermometer 
(accuracy 0.1°C) with a thermocouple probe of 0.5 
mm in diameter was used for measuring the thor- 
acic temperature. Damselflies in the state of 
feeding, flying, ovipositing or copulating were not 
recorded. 

Immediately after measuring the thoracic 
temperature (about 1 min), ambient and radiation 
temperatures were measured at the same perching 
point. An Assmann’s aspiration psychrometer was 
used for measuring the former. A digital thermo- 
meter with a sensor covered with black tape was 
used for measuring the latter. 

The degree of wing wear and the color of the 


abdomen were recorded in order to obtain in- 
formation on ageing. In the present study, the 
damselflies were divided into two age classes: 
sexually immature and sexually mature. 

All the damselflies whose thoracic temperature 
was measured were brought to the laboratory and 
their abdomen and hind wing lengths were re- 
corded. Then, the thorax of each individual was 
removed and weighed (accuracy 0.1 mg) to assess 
the water content of the body. The samples were 
then dried in a homoiothermal chamber under 
80°C for 8 hr and re-weighed. 


RESULTS 


Size and water content of the damselflies 


Either body size or quantity of haemolymph 
may affect thermoregulation. Table 1 shows that 
orange-winged damselflies were larger than 
hyaline-winged ones in both sexes. The abdomen 
length of mature orange-winged males was signi- 
ficantly larger than that of immature one, whereas 
their hind wing length was not significatly different 
in either stage. 

An orange-winged damselfly was heavier than a 
hyaline-winged one. Mature orange-winged males 
were the heaviest. With ageing, the dry weight of 
the thorax increased, and the water content ratio 
of the thorax decreased, particularly in the orange- 
winged form. In hyaline-winged damselflies, the 
water content ratios were similar in the two age 
classes. 


Thermal environment of perching sites 


During the survey period, the ambient tempera- 
ture in the open stream varied from 15.1°C to 
29.2°C, and that of the radiation temperature from 
23.5°C to 42.7C. The regression coefficient be- 
tween the radiation and the ambient temperature 
was 1.40 (r?=0.98, n=112), which is significantly 
different from unity (P<0.001). This shows that 
the rate of increase of the radiation temperature 
was higher than that of the ambient temperature. 

On the other hand, the ambient temperature at 
the sunflecks in the deciduous forest was relatively 
low, ranging from 11.7°C to 28.7 C, and that of the 
radiation was from 14.4°C to 40.6°C. The radia- 


TABLE l. 


Wing-form Sex 

Orange J" 
2 

Hyaline dS 
9 
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abdomen length 
hind wing length 
dry weight 
water content 


Immature stage 


Mature stage 
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Size, dry weight, and water content of the thorax in different wing forms of the 
Mnais-damselflies on aging. Each mean was assesed by ANOVA between the ages 


(mm) 
(mm) 
(mg) 
(%) 


45.3+1.0 (40) 
38.7+0.3 (39) 
66.9+4.4 (27) 
78.0+0.8 (27) 


47.7+0.2 (54) 
39.4+0.2 (54) 
108.8+2.1 (50) 
71.8+0.6 (50) 


P<0.01 
n.s. 

P<0.01 
P<0.01 


abdomen length 
hind wing length 
dry weight 
water content 


abdomen length 
hind wing length 
dry weight 
water content 


abdomen length 
hind wing length 
dry weight 
water content 


( ): Number of damselflies sampled. 


TABLE 2. 


(mm) 
(mm) 
(mg) 
(%) 
(mm) 
(mm) 
(mg) 
(%) 
(mm) 
(mm) 
(mg) 
(%) 


41.3+0.2 (93) 
38.7+0.2 (94) 
61.3+2.3 (82) 
78.7+0.5 (82) 


41.9+0.4 (20) 
38.8+0.5 (20) 
73.7+3.4 (19) 
73.8+1.4 (19) 


42.6+0.4 (41) 
34.141.8 (41) 
42.0+2.1 (35) 
78.3+0.8 (35) 


38.9+0.3 (46) 
35.9+40.3 (46) 
45.4+0.2 (37) 
78.0+0.6 (37) 


n.s. 

nS: 

0.05 >P>0.01 
P<0.01 


43.2+0.3 (37) 
34.7+0.2 (36) 
64.0+2.2 (37) 
77.1+0.6 (37) 


n.s. 
n.s. 
P<0.01 
n.s. 


39.2+0.4 (17) 
35.5+0.6 (17) 
61.3+3.7 (16) 
75.541.8 (16) 


n.s. 
n.s. 
P<0.01 
n.s. 


Regression coefficient (b) and determination coefficient (r*) of the thoracic on the ambient 


temperature of different wing forms of the Mnais-damselflies on ageing. Each regression coefficient 


was assessed by a t-test with b=1 


Immature stage 


Mature stage 


Wing-form Sex Perching site ; 
ir, n b i n 
Orange Zs sunfieck 0.98 0.93 10 n.s. — _ 0 
open 0.95; 10.82 22 n.s. 0.66 0.31 21 n.s 
2 sunfleck OFS rsbas HAO POW Sn BAT aaDBiosb 
open — — 0 0.66 0.58 8 n.s 
Hyaline 7 sunfleck 0.67 0.73 20 P<001 ~*0,52 ©” “0.60 wi. U.S 
sunfleck 0,73; 5.0.74 24 P<0.01 0.80 0.45 ; 6. ns 


n: Number of damselflies sampled. 


tion temperature fluctuated more widely than that 
of the open stream, according to the differences in 
the size of sunflecks and its surrounding vegeta- 
tion. The regression coefficient between the radia- 
tion and ambient temperature was 0.98 (r°=0.32, 
n= 120), which is near unity. 


Thoracic temperature against ambient and radiation 
temperature 


Most damselflies with orange or hyaline wings 
began to emerge in late April in the open stream in 
the study area. They stayed only one day there 
before moving to deciduous forests near the 
stream. Their sexually immature stage was | to 2 
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The relationship between the radiation temperature (Tr) and the odds with the thoracic temperature (Tr-Tt) 


in the damselflies of orange-winged forms. An open circle represents a damselfly perching in open sites; a solid 


circle represents a damselfly perching in sunflecks. 


weeks. After maturation, the orange-winged 
males held territories in the open stream. Mature 
males of the hyaline-winged form flew around the 
deciduous forest floor and over the shaded stream. 
Therefore, no encounter between the orange- and 
hyaline-winged forms was observed in the study 
area. 

The thoracic temperature was always higher 
than the ambient temperature (max. ca. 10°C) 
irrespective of perching postures. The relation 
between thoracic and ambient temperatures was 
almost linear (Table 2). However, all the regres- 
sion coefficients were below unity, though two 
thirds of the coefficients were not significantly 
different from unity. 

Radiant heat load might effectively contribute to 
increasing the body temperature of damselflies 
perching under direct sunlight. If there is a certain 
mechanism for thermoregulation against radiant 


energy, the rate of increase of thoracic tempera- 
ture may be expected to be lower than that for the 
radiation temperature. If so, the regression coef- 
ficient of the odds on the radiation temperature 
must be negative. Further, the regression coef- 
ficient itself may be used as an index of thermoreg- 
ulation ability of damselflies. 

In the immature damselflies of the orange- 
winged form, the regression coefficient was almost 
—0.5 or —0.6, irrespective of the differences in 
the condition of perching point, either in sunflecks 
or at the open stream (Fig. 1). On the contrary, 
there is a salient sexual difference in mature indi- 
viduals. The regression coefficient in mature males 
was —1.20 (r°=0.40): the rate of increase of the 
thoracic temperature with the radiation tempera- 
ture was the lowest. This means that the body 
temperature is kept relatively low under high 
ambient temperatures. However, such a relation 
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The relationship between the radiation temperature (Tr) and the odds with the thoracic temperature (Tr-Tt) 


in the damselflies of hyaline-winged forms perching in sunflecks. 


was obscure in females. 

The regression coefficients in the damselflies of 
both sexes of the hyaline-winged form were smal- 
ler than those in the orange-winged one during the 
immature stage of both sexes (Fig. 2). 


DISCUSSION 


After emergence, damselflies take several days 
to mature [14]. Although the preferable habitats 
of orange- and hyaline-winged damselflies differ in 
their mature stage [11, 15], they were both res- 
tricted to deciduous forests during their immature 
Stage. Most immatures perched in sunflecks. The 
size of sunfleck and its surrounding vegetation 
varied as noted above [2]. The thermal environ- 
ment of the sunflecks, particularly radiation 
temperature, varied according to different 
sunfiecks. The change of radiation temperature 
can, however, be roughly explained by the 


ambient temperature. Therefore, the change in 
the ambient temperature might affect the body 
temperature of damselflies inhabiting the forest as 
well as radiation. However, radiation temperature 
seemed to be more important for the damselfly 
perching in the open stream than the ambient 
temperature. 

Although damselflies are poikilotherms, their 
body temperature is probably regulated against 
both ambient and radiation temperatures. Several 
works on thermoregulation have so far focused on 
the radiant heat load obtained from a thermister 
with a probe painted black [4, 16-18]. The be- 
havioral posture for thermoregulation against 
radiation was analyzed in many butterfly species 
[18-19]. However, the perching posture of the 
damselfly species, excepting the “obelisk“, has not 
so far been studied from the aspect of thermoreg- 
ulation [3]. In general, conductive heat transfer 
between the wing base and the thorax is negligible 
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[20]. 

Other elaborate physiological adaptations, as 
well as perching behavior, also help odanate spe- 
cies to regulate body temperature [21-22]. Con- 
trol of haemolymph in thermoregulation may be 
important in damselflies as in some butterfly spe- 
cies [19]. The “fliers” appeared to thermoregulate 
exclusively through controlling blood circulation 
[7]. In general, most flying insects have higher 
rates of metabolism, and hence heat production, 
than other animals [23]. Rapid rates of cooling, 
due to their small size, may preclude appreciable 
endothermy. Since the Mnais damselfly is a per- 
cher that stays under direct sunlight all day long, 
controlling the radiant heat load may be a more 
important factor for body temperature than that in 
the fliers. They receive solar input onto the body 
without heat loss due to wind. Furthermore, I 
observed no endothermic behavior, probably as no 
cool days occurred during the survey period. 

Teneral damselflies thermoregulate poorly due 
to their cuticle being incompletely hardened [4]. 
This suggests that both orange and hyaline wing 
forms might have the same thermoregulatory 
mechanism during their immature stages. This is 
subject to excessive water loss. The water content 
ratio of the thorax in immature damselflies was 
similar irrespective of the difference of wing form, 
though body size was significantly different. 

It is reasonable to find that the relationship 
between thoracic temperature and radiation or 
ambient temperature was similar in both wing 
forms, if the water content simply reflects the 
haemolymph content. However, the water con- 
tent: thorax weight ratio decreased in mature 
orange-winged males. Therefore, the growth rate 
of inner parts of the thorax, mainly the muscles for 
flight, was high. This may be advantageous to the 
males because they must stay in open sites to 
maintain their territories. This might be lower the 
heat exchange rate from the abdomen to the 
thorax, though male postural adjustments for 
avoiding overheating might also be effective. They 
might then change their body physiology in order 
to stay in open fields. However, mature females 
showed a little change in their body physiology, 
probably due to their behavior. Mature females 
perching under direct sunlight were sampled 


irrespective of their previous behavior: some of 
them had just finished oviposition (the thoracic 
temperature of the females might be relatively low 
because they were sometimes sprayed by the 
stream during oviposition) and others were 
oriented towards the territory to mate. 

On the other hand, hyaline-winged damselflies 
did not change their water content ratio. The 
regression coefficients suggest that hyaline-winged 
damselflies have a relatively steady thermoregula- 
tion mechanism against high radiant heat load. 
Such a mechanism seemed to be unrelated to age 
because the regression coefficients at both stages 
were not markedly different in either sex. In 
Kyushu, however, male f. strigata with hyaline 
wings of M. p. pruinosa settled around the territor- 
ies of f. esakii with orange wings of M. p. pruinosa 
in open streams [24-25]. Such males with hyaline 
wing must perch under direct sunlight. It is said 
that a certain change in the body physiology of f. 
strigata in respect to thermoregulation between 
immature and mature stages seemed to occur. 
Thus, thermoregulation may be influenceed by the 
thermal environment of the mating sites of the 
damselflies. 
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Hynobius tenuis (Caudata, Hynobiidae), a New Species 
of Salamander from Centeral Japan 


Hisao NAMBU 


Toyama Science Museum, Toyama 939 and Graduate School of Science 
and Technology Niigata University, Niigata 950-21, Japan 


ABSTRACT— A new species of the salamander, Hynobius tenuis, is described from the mountainous 
areas of the southern part of Toyama Prefecture and the northern part of Gifu Prefecture. It differs 
from the previously known species of Hynobius in several diagnostic characters, mainly in the skull. It is 


most closely related to H. hidamontanus M. Matsui. 


INTRODUCTION 


In 1983, Nambu reported the occurrence of 
hynobiid salamanders which form transparent and 
ribbon-shaped egg sacs and cannot be attributed to 
any known species of Hynobius from the moun- 
tainous areas in the southern part of Toyama 
Prefecture [1]. After careful examination of many 
specimens and comparison with other species of 
Hynobius, it is concluded that this species is new to 
science. In the present paper, this hynobiid is 
described as a new species, Hynobius tenuis. 


MATERIALS AND METHODS 


Methods for morphological comparison and 
terms used mostly accord with Nambu [2]. 
Abbreviated terms used. Body: TOTL, total 
length; SVL, snout vent length, from snout to 
anterior angle of vent; TRL, trunk length; HL, 
head length; TAL, tail length; MTAH, maximum 
tail height; CTW, central tail width; HW, head 
width: FLL, fore limb length; HLL, hind limb 
length; MNCH, magnitude of number of costal 
folds when appressed limbs in life (+ , overlapped; 
—, separated, +0, just met). Development of the 
Sth toe: 3+, well developed; 2+ , developed; 1+, 
rudimentary; —, lacking. Vomerine teeth series: 
IP, inner part ( IPB in Nambu [2]); OP, outer part 
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(OB [2]); DV (X [2]), distance between right and 
left vomers of inner nostrils; TIP ( al [2]), distance 
between right and left tops of IP; MIP (a2 [2]), 
width of the middle of IP; LIP (b [2]), length of IP; 
LLOP, length of left OP; LROP, length of right 
OP. Tooth: VT, vomerine tooth; UJT, upper jaw 
tooth; MT, mandibular tooth. Skull, by soft-X ray 
picture: SL, skull length; PSL, posterior skull 
length; PSW, posterior skull width; POW, poste- 
rior orbital width; AOW, anterior orbital width; 
DM, distance between left and right maxillae; 
DPMM, horizontal distance between frontal tip of 
premaxilla and tip of maxilla. 

Methods for making transparent and stained 
skull. 1) Skin and muscles are roughly stripped, 2) 
bathed in an aqueous solution of KOH(4%) and 
removing the muscles, 3) bathed in staining dye 
(alizarin) in 2% KOH, 4) bathed in 2% KOH until 
the cranium becomes transparent. 

When not specially mentioned, variation in 
values of measurements Is expressed by mean +SE 
and ranges in mm and those of ratios are expressed 
by median and ranges in %. 

All the specimens were fixed in 10% formalin 
and later deposited in 70% ethanol; all deposited 
at Toyama Science Museum (TOYA), Toyama, 
Japan. 

Hynobius tenuis n. sp. 


(Figs. 1, 2A-B, 3, SA, 6A and 7A) 


Hynobius sp.: Nambu, 1983 [1]: 78-81, figs. 1A, 
B, C;.pi. dk. 
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Fic. 1. 


Dorsal view of the holotype of Hynobius tenuis. Total length=99.0 mm. 


Fic. 2. 


Schematic drawing of vomerine teeth series. Methods of representation was described by Nambu [2]. A, H. 


tenuis, holotype; B, H. tenuis, holotype and 4 paratypes (TOYA-Am-384, 387, 390, 392); C, H. hidamontanus 
(TOYA-Am-411~414, 423). Bar=5 mm. Arrows show the holotype. Figure in a square shows the number of 


specimens. 


Holotype. TOY A-Am-385; an adult male from 
a small stream, Arimine, Ooyama-machi, Toyama 
Prefecture; May 18, 1982; coll. Hisao Nambu. 


Paratypes. A total of 14 males from the same 
locality as for the holotype: TOY A-Am-382 ~ 384 
and 386~388, May 18, 1982; TOYA-Am-389 ~ 
393, June 3, 1983; TOYA-Am-394 ~ 396, June 21, 
1984. TOY A-Am-397 ~400, 3 males and 1 female 
from Mt. Ootsuji, Tateyama-machi, Toyama Pre- 
fecture; May 1, 1989: TOYA-Am-401~403, 3 
males from Mizunashi, Toga-mura, Toyama Pre- 
fecture; June 15, 1988: TOYA-Am-404~407, 3 
males and 1 female from Mt. Sore, Shirakawa- 
mura, Gifu Prefecture; May 20, 1983. Coll. Hisao 
Nambu. 


Description 
Holotype 


Head flat and oval, with prominent eyes and 
blunt snout; lateral part somewhat swollen; an 


impressed line from the posterior angle of eye to 
the side of gular fold, a short vertical groove 
behind the angle of the mouth. Tongue oval. 
Trunk round dorsally and flattened ventrally, with 
a median line on both dorsum and venter. Costal 
grooves 12; costal folds 11; grooves on the ventral 
surface 9. Limbs moderately stout; MNCH, +0. 
Fingers 4, 2-3-1-4 in order of length from the 
longest; toes 4, 3-2-4-1. Tail gradually flattened, 
not keeled, with blunt tip; basal and central sec- 
tions rectangular and lanceolate-oblong, respec- 
tively. 

Body measurements (mm): TOTL, 99.0; SVL, 
53.2; TRL, 39.8; HL, 13.4; HW, 10.0; head depth 
at posterior angle of jaw, 6.2; eyelid length, 3.0; 
anterior rim of orbit to snout, 3.2; interobital 
distance, 3.4; snout to insertion of forelimb, 17.9; 
distance between external nares, 3.1; axilla to 
groin in left, 28.2; TAL, 45.8; tail width at base 
(posterior tip of cloaca), 4.1; tail height at base, 
4.5; tail height at middle, 5.3; MTAH, 5.3; CTW, 
3.0; FLL, 14.1; HLL, 16.6. Body weight in life 
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3.82 g. 

Vomerine teeth series with narrowly V-shaped 
inner principal parts and short arcuate outer parts 
(Fig. 2A); anterior tips of IPs located between +3 
and +4 and posterior tips between —2 and —3 
(Fig. 2B). Measurement (mm): DV, 2.7; TIP, 1.6; 
MIP, 0.6; LIP, 1.6; LLOP, 0.4; LROP, 0.3. 

Teeth small, with the bicuspid and reddish tips; 
in a single file; preparatory small teeth in the inner 
portion of a file of the upper jaw and mandibular 
teeth and in the outer of vomerine teeth hardly 
seen. Number of teeth: VT, 29; UJT, 60; MT, 61. 

gee Amn): SL, 10.0; PSL, 3.7; PSW, 5.8; 
POW, 2.9; AOW, 2.4; DM, 7.7; DPMM, 4.2. 
Trunk vertebrae 17, caudal vertebrae 26. 

Color in life: Dorsum light brown with scatterd 
dark spots, which are often united with one 
another along costal grooves and at the upper 
portion of tail; venter dark gray; tail pale at the 
basal part. Small bluish white spots densely pre- 
sent on the lateral and ventral sides of trunk, the 
lower part of tail and upper surfaces of limbs. 

Color in preservative: Dorsum light brown with 
dark spots as in life; venter gray to yellowish gray. 
White spots in life becoming paler. 


Skull (Fig. 3) 
Specimens examined: 5 male paratypes (TOYA- 


Am-386, 390, 393, 395, 406). 

Skull well ossified, flat and moderately convex at 
the center of parietals; in the middle portion, 
narrower anteriorly than posteriorly; upper jaw 
bones consisting of maxilla and premaxilla strongly 
arcuate in outline. Maxilla slender with long and 
acuminate tip. Maxillary and premaxillary teeth 
vertically growing from the rim. Well-developed 
dorsal process of premaxilla. Nasal separated 
medially, truncate laterally and posteriorly; lateral 
margin not touching the dorsal process of maxilla, 
hence the lacrimal is visible in dorsal view. Pre- 
frontal small and round posteriorly. Frontal trun- 
cate posteriorly, reaching the middle of skull. 
Parietal gradually dilated posteriorly and extend- 
ing laterally. Womers narrowly fan-shaped, grad- 
ually tapered to a point and connected with the 
protuberance of vomerine teeth posterolaterally, 
with round process laterally and V-shaped teeth 
series; lateral margin of dorsal bone visible in 
ventral view beyond the lateral margin of vomer. 
Parasphenoid gradually narrowed anteriorly. 
Prootics and exoccipitals separated. 


Variation 

Specimens examined: holotype (TOYA-Am- 
385), 16 male paratypes (TOYA-Am-382 ~ 384, 
386 ~392, 394~ 396, 404 ~406), and 2 female para- 


Fic. 3. Skull of H. tenuis (Paratype: TOYA-Am-393). Left, dorsal view; right, ventral view. Skull length=10.1 


mm. 
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types (TOY A-Am-407, 400). 

Measurement of body (mm), ratios of each 
portion to SVL(%) and both ratios of TRL to HL 
and TAL to TRL: in 17 males, TOTA=92.1+1.15 
(83.3-99.0), SVL=51.1+0.59 (46.9-54.4), HL= 
12.1+0.19 (10.5-13.4), TRL=38.8+0.48 (35.8- 
42.0), TAL=41.3+0.74 (36.2—45.8), HW=9.9+ 
0.21 (8.9-12.2), \FLL=13.8+0.16 (12:7-14.9), 
HEE=15.722019 42221628) CRW =. 62-0510 
(2.9-4.4), MTAH=5.7+0.15 (4.5-6.7), HL/SVL 
=23.8 (22.4—25.2), TRL/SVL=76.2 (71.7-77.6), 
TAL/SVL=80.5 (74.3-92.9), HW/SVL=19.0 
(17.8-22.4), FLL/SVL=27.2 (24.4-30.3), HLL/ 
SVL=31.1 (27.9-35.8), MTAH/SVL=11.2 (9.6- 
12.3). TRL/HL=3.20 (2.97-3.47), TAL/TRL= 
1.06 (0.98-1.20); in two females, TOTL=96.8 and 
89.6, SVL=54-6 and 52:5, HL=12-4 and 12:7, 
TRL=42.2 and 39.8, TAL=41.6 and 37.1, HW= 
9 2andulOs, Fab — 1i2isiand 13,93 ee —s-s;and 
15.0, CTW=3.4 and 3.2, MTAH=5.2 and 5.4. 
Body weight (g): in 14 males, 3.6+0.19 (2.7-4.8); 
two females with eggs, 5.1 and 4.6. 

In males, TAL longer than TRL and shorter 
than SVL; in females, TAL shorter than TRL; in 
both sexes, tail not keeled. MNCH: in 14 males, 
=) ISPECIMeNnS set) 2 — sleet 4 ety 
2 females, —2=1 and —1=1. Modal number of 
costal grooves and costal folds 12 and 11, respec- 
tively: in 19 specimens of both sexes; 12 costal 
grooves, 14 specimens; 13, 5; 11 costal folds, 14; 
12,5. Fingers 4, toes 4. Fifth toe usually locking 
(—), sometimes rudimentary (+): in 19; 16 speci- 
mens, lacking on both hind libms; 2, rudimentary 
on both; 1, rudimentary on the left and lacking on 
the right. In 19 on left limbs: fingers 2-3-1-4 in 19; 
toes 3-2-4-1 in 15 with 4 toes, the second toe longer 
than the fourth toe in 18 and equal to the latter in 
Ie 

Measurements of DV (mm) and ratios of each 
portion to DV (%): 11 or 12 males: DV =2.73+ 
0.05 (2.5-3.0), TIP/DV=62.6 (56.9-70.0), 
MIP/ DV —26-5. 7 (20:0=39:0)s EEDA —sile3 
(41:3-63.0), LLOPR/DV= 15.0711 3223.0) >) In 
12 males, TIP longer than LIP in 10, equal to the 
latter in 1 and shorter than the latter in 1; the 
anterior tips of IPs located between +3 and 4.5 in 
12 and the posterior tips between 0 and —2 in 11 
(Fig. 2B). Number of teeth: 11 or 12 males; VT 


137° ca 


0 50km 


Fic. 4. Geographical map of the area facing the Japan 
Sea side of Chubu District, Central Japan, showing 
localities of 4 species of the genus Hynobius. H. 
tenuis, closed circle; H. hidamontanus, closed rhom- 
boid, quoted from Matsui [4]; Hynobius sp., closed 
rhomboid with question mark [1, 4]; H. takedai, 
closed square [2, 5], closed triangle, westernmost 
record of H. lichenatus [6]. Contours show an 
altitude of 1,000m. An arrow shows the type 
locality of H. tenuis, Arimine, Ooyama-machi, 
Toyama Prefecture. 


=26+1.02 (21-33), UJT=60.6+1.45 (55-74), 
MT=63.3+1.53 (54-75). 

Color: Dorsum light brown in life in most speci- 
mens, but dark brown in some specimens; white 
spots of trunk and tail vary from dense to sparse. 

Skull: Measurement (mm) and ratios of each 
portion to skull length (%): 16" or 17 males, SL= 
9.6+0.13 (8.5-10.3), PSL=3.5+0.05 (3.0-3.7), 
PSW=5.6+0.06 (5.0-6.0), POW=2.8+0.05 
(2.5-3.2), AOW=2.4+0.05 (2.1-2.7), DM=7.5 
+0.11 (6.7-8.2), DPMM=4.0+0.05 (3.6-4.2); 
PSL/SL=36.4 (33.7—40.7), PSW/SL=58.3 (54.9- 
65.9), POW/SL=29.4 (25.0-37.6), AOW/SL= 
25.0 (22.0-29.4), SW/SL=78.7 (69.8-89.4), DM/ 
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SL=41.3 (40.0-44.7)'; two females (TOYA- 
Am-407, 400), SL=9.5 and 9.5, PSL=3.4 and 3.4, 
PSW=6.1 and 5.6, POW=3.1 and 2.7, AOW= 
2.6 and 2.3, DM=8.1 and 7.8, DPMM=4.1 and 
4.1. 

Modal number of trunk vertebrae 17: in 18; 17 
vertebrae, 14 specimens; 18, 4. Number of verte- 
brae (17 or 18) corresponds to that of costal 
grooves (12 or 13): in 18; 17 trunk vertebrae to 12 
costal grooves, 13 specimens; 17 to 13, 1; 18 to 13, 
4. Number of caudal vertebrae with unharmed tail 
and total vertebrae (mean+SD, ranges) in 17 
males: caudal vertebrae, 22.7+3.5 (16-28); total 
vertebrae, 39.9+3.6 (33-45). 


Egg sacks and eggs 

Egg sacs transparent, ribbon-shaped and spiral 
({1]; pl. 1 D); envelop weak; surfaces with many 
cross folds in egg sacks from all localities, though 
lacking the longitudinal stria. In 8 pairs of egg sacs 
with the post tail-bud embryonic stage (St. 31-35 
by Sawano [3]) and complete water absorption 
after spawning from Arimine, Ooyama-machi, 
Toyama Prefecture, in June 1984: the length and 
width (in cm, mean+SD, ranges), 11.2+1.24 
(9.0-12.5) and 1.3+0.04 (1.2-1.4); coiled num- 
ber, 1.5 times in 12 egg sacs, 2.0 in 2, and 1.0 in 2. 

Egg number (locality, number of pairs of egg 
sacs observed, mean+SE and ranges): Arimine, 8, 
26.1+1.75 (18-35); Arimine, 14, 26.4+1.78 (20- 
33); Mt. Ootsuji, Ooyama-machi, Toyama Prefec- 
ture, 8, 35+3.18 (20-41), Shirakimine, Yatsuo- 
machi, Toyama Prefecture, 4, 25.8+1.38 (24-29); 
Mizunashi, Toga-mura, Toyama Prefecture, 12, 
33.8+1.51 (29-44), Mt. Soure, Shirakawa-mura, 
Gifu Prefecture, 5, 32+1.92 (28-35). Egg diam- 
eter: Arimine, mean of 10 eggs in 5 pairs of egg 
sacs (mm), 2.56 (St. 1), 2.82 (St. 3), 2.60 (St. 7), 
2.73 (St. 10), 2.96 (St. 12). Color of eggs from 
Arimine in preservative: dark brown on the animal 
hemisphere and pale brown on the vegetative side 
at St. 2 or yellowish brown at St. 10. 

Egg sacs are deposited on the surfaces of fallen 
trees or on the roots of water plants in the swamp 
from Arimine, Ooyama-machi ([{1]; pl. IA). 


Distribution 
The present species, H. tenuis n. sp., is known 


from the mountainous areas at the western side of 
the Hida Mountains in Central Japan, from 900 to 
1,530m in altitude (Fig. 4). Toyama Prefecture: 
Arimine, Ooyama-machi (1,200 and 1,390 m); Mt. 
Ootsuji, Ooyama-machi (900m); Mt. Shiraki- 
mine, Yatsuo-machi (1,530 m; only eggs); Mizu- 
nashi, Toga-mura (980m and 1,390m). Gifu 
Prefecture: Mt. Soure, Shirakawa-mura (1,230 m). 


Etymology 

The specific name “tenuis” is derived from the 
slender form of the body. 

Japanese name, Yama-sansho-uo. 


REMARKS 


The lack of the Sth toe, the small number of 
vomerine teeth, and the body proportion of the 
present species suggest that it is closely related to 
H. hidamontanus M. Matsui described from Haku- 
ba-mura, Nagano Prefecture [4]. 
according to observation of 5 male skulls of H. 
hidamontanus (TOY A-Am-414~417, 423), 
distinguishable from H. hidamontanus by the fol- 
lowing features. 1) Upper jaw bone (Fig. 5): 
smoothly arcuate in the present species, angular at 
joint portion of maxilla and premaxilla in H. 
hidamontanus. Similarly, the former note is appli- 
calbe to the present species and the latter to H. 
hidamontanus in the following notes. 2) Maxilla 
(Fig. 6): long with sharp toothless portion; short 
with small toothless portion. 3) Premaxilla (Figs. 
6, 7): upper process is appreciably slanting poste- 
riorly in lateral view and lower portion is vertical 


Aa 


Fic. 5. Left frontal portion of skull, dorsal view. A, /7/. 
tenuis (TOYA-Am-386); B, H. hidamontanus 
(TOYA-Am-417). Bar=1 mm. 


However, 


it is 
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Fic. 6. Right frontal portion of skull, ventral view. 
(TOYA-Am-417). Bar=2 mm. 


(Fig. 7A), so that the front margin at the basal 
portion of teeth is not visible from the ventral side 
(Fig. 6A); upper process gently slanting posterior- 
ly and lower portion curved insides (Fig. 7B), so 
that the front margin is visible (Fig. 6B). 4) Vomer 
(Fig. 6): narrow and gradually tapered to a point; 
wide and lacking in posterolateral portion. 5) 
Vomerine teeth series (Fig. 2): LIP is significantly 
larger (Mann-Whitney U-test, P<0.01); (12 
males) LIP/DV=51.3 (41.3-63.0), (11 males) 
LIPP/DV=42.0 (33.8-47.8). 

An unidentified Hynobius species from Oumi- 


Fic. 7. Left premaxilla, right lateral view. A, H. tenuis 
(TOYA-Am-395); B, H. hidamontanus (TOYA- 
Am-414). Bar=1 mm. 


A, H. tenuis (TOYA-Am-395); B, H. hidamontanus 


machi, Niigata Prefecture, reported by Nambu [1] 
seems conspecific with the one reported by Higu- 
ma [7] as Hynobius lichenatus and by Matsui [4] as 
H. hidamontanus. It seems closely related to the 
present species; detailed discussion on the rela- 
tionship between them will be made in a separate 
paper. 

The present species is different from H. takedai 
(Nambu [2]; Matsui et al. [5]) in the following 
points. 1) Number of vomerine teeth is smaller in 
the present species than in H. takedai: the present 
species (12 males) 26+1.02 (21-33); (22 males) 
38.341.25 (31-55) [2], (23 males) 37.141.4 (28- 
54) [5]. 2) Vomerine teeth series: V-shaped with 
short outer part; U-shaped with long outer part 
[2]. 3) Fifth toe: lacking (—); developed (2+) or 
well developed (3+) [2]. 4) Tail of the male: not 
keeled; keeled [2, 5]. Furthermore, an observa- 
tion of 2 male skulls of H. takedai (TOY A-Am- 
266, 426) has revealed definite differences between 
the two in the skull features as follows: 1) Nasal: 
small with truncate margin laterally in the present 
species; large with developed process laterally in 
H. takedai. 2) Prefrontal: small with round tip; 
large with acute tip. 3) Frontal: short with truncate 
tip; long with acute tip. 4) Vomer: shallow; wide. 

According to the features of the skull reported 
by Sato [8], one Korean, two Taiwanese and 13 
Japanese Hynobius species can be easily distin- 
guished from the present species by the following 
characteristics: 1) Lateral process of nasals in these 
species are developed. All the followings are the 
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results by comparison with the present species. 2) 
Frontals of these species are longer with acute tip. 
3) Prefrontals of H. tsuensis, H. nigrescens, H. 
okiensis, H. kimurae are longer. 4) Vomers of H. 
leechii, H. tokyoensis, H. lichenatus, H. nigres- 
cens, H. sadoensis, H. abei and H. okiensis are 
wider; those of H. nebulosus, H. tsuensis, H. 
formosanus, H. naevius, H. kimurae, H. stejnegeri, 
H. sonani and H. boulengeri") are longer; that of 
H. retardatus is shorter. 
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Errata 


The dates of the following papers received were not printed in Zoological Science, Vol. 8, No. 4. 


by Lindstr6m M. et al. (p. 653-663) Received: October 12, 1990 

by Watanabe, H. et al. (p. 693-698) Received: December 18, 1990 
by Diaz, M. R. M. et al. (p. 705-712) Received: November 24, 1990 
by Ramaswamy, S. B. et al. (p. 747-750) Received: December 18, 1990 
by Ohtsuka, S. et al. (p. 793-804) Received: December 19, 1990 


Figures 2 and 3 in the paper by Lindstrom M. et al. in the same number of the same volume were 
incorrectly printed. 

Fig. 2 — Fig. 3 

Fig. 3 — Fig. 2 
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New Lectins of Invertebrates 


Lisork GRUBHOFFER and VLADIMIR MatTHa!? 


Institute of Parasitology, and "Institute of Entomology, Czechoslovak 
Academy of Sciences, BraniSovska 31, 370 05 Ceské 
Budéjovice, Czechoslovakia 


ABSTRACT—Lectin activities in invertebrates have been studied for several years. We found and 
partially characterized plasma lectins from ticks of the genus /xodes, Ornithodoros and Argas, as well 


as lectin activities in the greater wax moth, Galleria mellonella. 


Beside their basic biochemical 


chracterization, we tried also to determine their physiological importance in self-non-self recognition, 


defence and tissue differentiation. 


INTRODUCTION 


Lectins are usually defined as proteins or gly- 
coproteins of nonimmune origin, which interact 
with free saccharides or glycosylated macro- 
molecules in soluble or membrane bound form (1, 
2). In addition to this interpretation of the lectin 
definition we have to notice that the authors of the 
definition exclude immunoglobulins with specific- 
ity to saccharide epitopes from the lectin family by 
the words “nonimmune origin”. They also exclude 
proteins working in the recognition and defence 
reactions of vertebrates and invertebrates on the 
principle of lectin-saccharide interaction. A great 
number of data assure us that lectins are important 
molecules in the phylogeny of immunity. They are 
often found in invertebrates where they can play a 
role as humoral factors of immunity (3). 

As soluble or membrane molecules, lectins can 
also play a role in cell ashesion processes, opso- 
nization, phagocytosis and cytolysis (3). 

From a functional point of view, lectins can 
work in self-non-self recognition as homing factors 
or directly as effector cells with other (e.g. en- 
zyme) activities (4). 

The possibility of inducibility of lectin activity in 
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the infection of invertebrates is still not clear. At 
present, the activity has been described for the 
lectin M13 in Manduca sexta hemolymph infected 
by the bacteria Bacillus subtilis (5) or in Bombyx 
mori infected by cytoplasmatic polyedrosis virus 
(6). 

In this paper we would like to review the results 
of our study of lectins from selected representa- 
tives of two various taxonomic classes of inverte- 
brates. Data of major characteristic are summa- 
rized in Table 1. 


I. Lectins from the tick hemolymph: /xodes ricinus, 
Ornithodoros tartakovskyi, Ornithodoros papil- 
lipes, Argas polonicus, (Chelicerata, Metastig- 
mata) 


Ticks as hematophagous parasites represent the 
important group of vectors of viral, bacterial and 
protozoan infection agent. For us is especially 
important the /. ricinus tick, which is the vector of 
tick-borne encephalitis (TBE) virus (Flaviviridae) 
and also Borrelia burgdorferi spirochete, causative 
agent of Lyme disease. We have studied systema- 
tically the molecular and cellular factors of inner 
environment of tick which could interact with 
transmitted infectious agent and affect the way and 
conditions of transmission or systemic and/or tis- 
sue-specific persistent infection of tick cells. From 
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TABLE 1. 
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Studied lectins of invertebrates and their basic properties 


Source of lectin Localization of lectin 


Binding specificity 


Katee Subunits 
Agglutination (SDS PAGE) 
of erythrocytes m.m. (kDa) 


Greater wax moth Integument BSM, L-Fuc, GaINAc rabbit 70 (nonred) 
Galleria mellonella Hemocyte D-Glc, zymosan rabbit 38 
Ticks: Hemolymph Fetuin, asialofetuin mouse “45, 50 
Ixodes ricinus (plasma, hemocytes) |BSM, sialic acid, GlcNAc (treated by 

pronase) 
Ornithodoros y, Fetuin, BSM, sialic — Z, 930, 35, © (107) 
tartakovskyi acid, GlcNAc, GaINAc 
Ornithodoros Z Fetuin, BSM, sialic Z 937, 40 
papillipes GlcNAc, GaINAc 
Argas polonicus Z Fetuin, BSM Z ? 


a—Determinad by the technique of immunoblotting with the mouse monospecific antibody against lectin activity. 
b-The subunit of whole body homogenate reaced with the mouse monospecific antibody against lectin activity. 
Abbreviation: BSM (bovine submaxilar mucine); L-Fuc (L-fucose); GaINAc (N-acetyl-D-galactosamine); m.m.: 


molecular mass. 


this point of view we directed our attention to the 
evidence and characterization of lectin or similar 
activities in tick hemolymph. For the first time we 
described lectin activities in hemolymph of four 
tick species (7, 8). We suppose that also these 
lectins beside their regulative role in affecting of 
components and utilizing of host blood compo- 
nents, will also interact with saccharide compo- 
nents of transmitted infectious agent. 

For all found lectin activities of ticks is common 
that the best detection system in hemagglutination 
test is the mouse erythrocytes treated by pronase. 
Nevertheless, from the point of view of their 
binding specificities to saccharides were great dif- 
ferences. Lectins typical with their affinity to sialic 
acid may be called the lectins from O. tartakovskyi 
and O. papillipes, generally also JI. ricinus 
hemolymph. Many differences in affinity to some 
other sugars, e.g. D-galactose, N-acetyl-D- 
galactosamine, N-acetyl-D-glucosamine were 
found even in very similar species, e.g. the two 
species of the genus Ornithodoros. Our findings of 
sialic acid specific lectins of ticks expand the re- 
cently published review on lectins with affinity to 
sialic acid (9). 

The main attention we pay to lectin from the J. 
ricinus hemolymph (molecular mass of subunits 45 
and 50 kDa), whose agglutination activity can be 
at the best inhibited by bovine submaxilar mucine, 
better that with fetuin and ovomucoid, and also 


with free sialic acid and N-acetyl-D-glucosamine. 
We suppose that it participates in transimission of 
TBE virus and also B. burgdorferi spirochete. In 
case of TBE virus it can react with glycosylated 
antigens of the virus, envelope glycoprotein gpE or 
nonstructural protein NS1. At present we cannot 
eliminate that soluble and membrane form of 
lectin is the alternative receptor of TBE virus 
penetration to cells. 

In case of B. burgdorferi we proved directly and 
also by affinity technique of transmission electron 
microscopy (TEM) on the ultrastructural level the 
presence of sialylated structures in the wall of 
spirochete (10, 11). According to the type of 
glycosidic bound, it is probably the polysialic acid, 
characteristic for some bacteria, which hemolymph 
lectin could interact with. As a matter of fact, 
recently was found that B. burgdorferi does not 
reach the hemocel at all (12). This fact can be 
caused by the fact that the described lectin works 
as a restriction factor for systemic distribution of 
Borrelia infection in tick. 


II. Lectins of the greater wax moth Galleria mel- 
lonella larvae (Insecta, Lepidoptera) 


We found lectin activity both in epidermis and in 
hemolymph of the larvae (13, 14, 15). From the 
integument homogenate we isolated and purified 
the lectin with binding specificity to L-fucose and 
N-acetyl-D-galactosamine (molecular mass of un- 
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reduced subunit 70 kDa) (16). We found that by 
this lectin on hemocyte of G. mellonella causes the 
degranulation of granulocytes and following initia- 
tion of melanize defense reaction of phenoloxida- 
sis system. The unusual combination of binding 
specificity to both these monosaccharides is very 
rare in lectins family. A similar activity is probably 
involved in mammalian system of epidermal cells 
in regulation of effect of epidermal growth factor 
(EGF) on cellular receptor (17). Therefore it 
seems that cuticular lectin of G. mellonella can be 
ivolved also as a regulatory factor in the processes 
of tissue differentiation, beside in the defense 
reaction following the disruption of epidermis and 
infection of larvae. 

Another lectin was found in hemocyte lysate 
(14). The binding affinity to D-glucose and zymo- 
san (8 1-3 glucan) was used in purification of the 
lectin by the affinity chromatography. Lectin was 
ultrastructurally localized by the aid of gold- 
labelled monospecific antibody in the way of the 
immunoaffinity TEM technique on the surface of 
plasmatocytes (15). The reduced subunit of the 
lectin has molecular mass of 38 kDa. Therefore it 
seems that this lectin is a part of multifunctional 
complex and it could play the role of homing 
factor. On the example of interaction with spores 
of the fungus Boveria bassiana its ability to bind 8 
1—3 glucan components of entomopathogenous 
fungi was proved. 

Soluble and membrane forms of lectins of in- 
vertebrate vectors seem to be one of the groups of 
molecules of recognition and defence, which take 
part in transmission of infectious agent by arthro- 
pods. They are important factor not only from 
point of view of phylogenesis of recognition but 
also from the viewpoint of molecular ecology of 
parasitic infections. 
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INTRODUCTION 


Arginine vasopressin (AVP) and oxytocin 
(OXT) are mammalian neurohypophysial hor- 
mones. AVP has important roles in water and salt 
metabolism, control of blood pressure, response to 
stress, and consolidation of memory [1, 2], while 
OXT is important in reproduction [2] and sodium 
excretion [3, 4]. They are synthesized in mag- 
nocellular and _ parvocellular neurosecretory 
neurons in the hypothalamus (Fig.1). Mag- 
nocellular supraoptic and paraventricular AVP 
and OXT neurons send their axons mainly to the 
neurohypophysis and release hormones into the 
circulation. Projections from parvocellular 
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neurons, which are localized in discrete neuronal 
groups such as the paraventricular and supra- 
chiasmatic nuclei, are widely distributed among 
various brain loci, e.g., the median eminence, 
medullar oblongata, spinal cord, and pineal organ 
[5, 6]. Particular neuronal groups, either mag- 
nocellular or parvocellular, are considered to be 
involved in characteristic physiological roles. It is 
thus important to clarify the regulatory mecha- 
nisms for the secretory activity, i.e., synthesis and 
release, of neurosecretory neurons in particular 
neuronal groups, in order to understand their 
physiological roles. 

Immunohistochemistry and radioimmunoassay 
have been utilized for studying regulation of the 
secretory activity of neurosecretory neurons. In 
addition, recent progress in molecular biological 
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Schematic diagram showing the rat diencephalon. (Based on Konig and Klippel [186]). A, Sagittal view of 


the diencephalon showing the levels of cross sections in Figs. 1B-1F. B-F, Cross sections illustrating the nuclei 
which produce neurohypophysial hormones (hatched area). ACN, anterior commissural nucleus; AH, anterior 
hypothalamic nucleus; AME, medial amygdala; BNST, bed nucleus of the stria terminalis; CAI, internal capsule; 
CN, circular nucleus; F, fornix; FN, fornical nucleus; MPOA, medial preoptic area; MT, medial nucleus of 
thalamus; OC, optic chiasma; mPVN, magnocellular part of paraventricular nucleus; ImPVN, lateral mPVN; 
mmPVN, medial mPVN; pmPVN, posterior mPVN; pPVN, parvocellular part of PVN; RE, reunient nucleus; 
SCN, suprachiasmatic nucleus; SON, supraoptic nucleus; ZI, zona inserta. 


methods has enabled us to study expression of 
hormonal genes using hybridization techniques, 
e.g., Northern and dot blot analyses and in situ 
hybridization (ISH). Since the magnitude of gene 
expression is considered to reflect the level of 
synthetic activity, these techniques have been ap- 
plied by many investigators to clarify neuroendo- 
crine secretion, mostly in mammals. Accordingly, 
this review will focus on studies on the expression 
of neurohypophysial hormone genes in_ the 
mammalian hypothalamus. Where data is avail- 
able, comment is also made on nonmammalian 
neurohypophysial systems. The role of extrahy- 
pothalamic expression of AVP and OXT genes is 
also considered together with changes in synthetic 
activity of meurohypophysial peptides during 
ontogeny. 


STRUCTURES OF GENES ENCODING 
NEUROHYPOPHYSIAL HORMONE 
PRECURSORS 


The amino acid sequences of AVP and OXT 
were determined by du Vigneaud’s group around 
1950 [7]. Then, neurophysins, components of 
vasopressin and oxytocin precursors, were isolated 
in many mammalian species [8]. For the vasopres- 
sin precursor, a glycopeptide named copeptin was 
further isolated first as an amino (N)-terminal 
fragment [9, 10], although it is actually a carboxyl 
(C)-terminal moiety (see below). 

Subsequently, the nucleotide sequences of 
cDNAs and genes for AVP and OXT precursors 
were clarified in several mammalian species, in- 
cluding bovine [11-14], rat [13, 15, 16], human 
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Fic. 2. J, Schematic diagram of the organization of the 
rat AVP and OXT genes. Horizontal arrows indi- 
cate the direction of transcription. A, B and C 
indicate Exon A, B, and C, respectively. JJ, 
Schematic diagram of the promoter region of rat 
AVP gene. The number indicates the position 
relative to the transcription start site (+1). A, AP2 
element; C, cAMP responsive element; G, glucocor- 
ticoid responsive element; Open triangle, CCAAT 
motif; closed triangle, modified TATA-box. /T/I/, 
Schematic diagram of the promoter region of rat 
OXT gene. E, estrogen responsive element; G, 
glucocorticoid responsive element; closed triangle, 
modified TATA-box. /V, Schematic diagram show- 
ing the structural organization of the AVP and OXT 
precursors and their genes. SP (dotted bar), signal 
peptide; NP (Open bar), neurophysin; GP (hatched 
bar), copeptin; A, alanine; G, glycine; K, lysine; R, 
arginine. 


{17, 18], porcine [19; only lysine vasopressin], and 
ovine [20; only OXT]. These studies clarified the 
organization of AVP and OXT precursors. The 
AVP precursor is composed of AVP, AVP unique 
neurophysin and C-terminal glycopeptide, while 
the OXT precursor contains OXT and neurophy- 
sin (Fig. 2D). 

Neurohypophysial hormone precursor genes 


(see Fig. 2) consist of three exons (A, B and C) 
and two introns [13-17]. Exon A consists of a 
nucleotide sequence encoding the signal peptide, 
hormone and N-terminal portion of neurophysin. 
Exon B encodes the central portion of neurophy- 
sin. Exon C encodes the C-terminal portion of 
neurophysin for the OXT precursor, and C- 
terminal portion of neurophysin and copeptin for 
the AVP precursor. The nucleotide sequences of 
exon B are highly conserved not only among 
species, but also between AVP and OXT genes. 
This implies the occurrence of a gene conversion 
event which has recently affected the AVP and 
OXT genes. 

Human AVP and OXT genes are linked 
together with 12 kilobases intervening, and are 
transcribed from the opposite DNA strand [17]. 
This is also true for rat AVP and OXT genes [21] 
(Fig. 2A). In the case of the human genom, the 
AVP and OXT genes are further linked to pro- 
dynorphin gene on chromosome 20 [18]. Dynor- 
phin is co-expressed and co-released by rat AVP 
neurons [22, 23]. 

The promoter regions have been well investi- 
gated in the rat and human genes (Fig. 2). The 
promoter region of rat AVP gene has one gluco- 
corticoid responsive element (GRE), one cAMP 
responsive element, four AP2 binding sites, and a 
CCAAT motif [24]. The CCAAT box binding 
factor may have a functional cooperativity with a 
steroid-receptor complex [25]. The AVP mRNA 
level was increased by elevated intracellular cAMP 
in the primary dissociated cultures derived from 
diencephalic tissues of fetal rats [26] and in the 
human AVP-expressing small cell lung carcinoma 
cell line GLC-8 [27]. Further, sodium loading 
increased MRNA levels for guanine-nucleotide 
binding protein a-subunits in the SON and the 
PVN [28]. In the SON, these changes were 
accompanied by increases in the basal cAMP level 
and adenylate cyclase activity, suggesting that 
hyperosmotic reception cAMP 
second messenger system. 

The promoter region of rat OXT gene contains 
three estrogen responsive elements (ERE) and five 
GREs [29] (Fig. 2C). Following stimulation with 
172 estradiol of heterologous fusion gene which 
consists of a part of the OXT gene promoter and 


activates the 
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chloramphenicol acetyl transferase (CAT) gene, 
two ERE, ERE 1 and ERE 2, induced a 13.6-fold 
and 8.6-fold transcriptional activation of the CAT 
activity, respectively. Moreover, the ERE 1 and 
ERE 2 can act synergistically (34-fold transcrip- 
tional activation). These facts suggest that two 
EREs are functional at least in heterologous gene 
constructs [29]. Among GREs, GRE 1, which is 
located more than 2 kb upstream of the transcrip- 
tional starting site, represents the functional GRE 
[29]. Since the single GRE, which is located more 
than 300 bp upstream of the transcriptional initia- 
tion site, alone is almost inactive [25, 30], this 
element would require additional nearby cis-acting 
elements for its putative activity. The human OXT 
gene has one ERE which is identical to ERE 1 in 
the rat OXT gene, and has two motifs correspond- 
ing to the right half of ERE palindrome [31]. The 
human OXT gene further contains a CCAAT box 
and a “elegance box” (CTGCTAA) heptamer. 
The latter is closely associated with functional 
EREs and is thought to play a supportive role in 
the control of gene expression by estrogen [32]. 
Among the EREs of human OXT gene, only ERE 
1 induced transcriptional activation in Neuro-2a 
cells co-transfected with an expression vector for 
the human estrogen receptor [31]. 

A corresponding sequence element to the rat 
and human ERE 1 has also been detected in the 
promoter region of bovine OXT gene, however, 
the left half of the element has three variations 
from the ERE consensus sequence [14]. This 
bovine element does not function as an ERE [33]. 
A mouse corresponding element, which differs in 
two nucleotides from the consensus sequence, is a 
functional, but a weaker ERE than the rat/human 
element [31]. 

Recently, cDNAs and genes encoding neurohy- 
pophysial hormone precursors have been cloned in 
several lower vertebrates such as toad [34], and 
several species of teleost fishes including white 
sucker [35-37], chum salmon [38, 39] and masu 
salmon [40]. The toad vasotocin (VT) precursor 
contains signal peptide, hormone, neurophysin 
and glycopeptide, while toad mesotocin precursor 
consists of signal peptide, hormone and neurophy- 
sin, aS in mammalian neurohypophysial hormone 
precursors [34]. Nevertheless, processing between 
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neurophysin and copeptin does not occur in toad 
VT precursor, despite the presence of the arginine 
residue between the two moieties, and VT and 
“big” neurophysin are released from the neurohy- 
pophysis [41, 42]. Furthermore, incompletely pro- 
cessed VTs, Hydrin 1 and 2, have been found only 
in amphibian [43, 44]. These intermediates are 
roughly as active as VT on water permeability of 
frog cutaneous and urinary bladder epithelia. 

Teleost VT precursors consist of signal peptide, 
VT and neurophysin [36-40]. The C-termini of 
neurophysins are about 30 amino acids longer than 
neurophysins of toad vasotocin and mammalian 
vasopressin precursors, and are strikingly similar 
to the copeptins of AVP and toad VT precursors, 
although these extended regions do not contain a 
glycosylation site. Teleost isotocin (IT) precursors 
contain signal peptide, IT and neurophysin [35, 36, 
39, 40]. The C-termini of IT neurophysins also 
extend about 30 amino acids beyond OXT and MT 
neurophysins. The elongated region includes a 
leucine-rich core segment at their central loci, and 
show similarities with the copeptins of AVP and 
toad VT precursors. 


MAGNOCELLULAR NEUROSECRETORY 
SYSTEMS 


(a) Association with water and salt metabolism 


Magnocellular supraoptic and paraventricular 
neurons whose axons project predominantly to the 
neurohypophysis have important roles in water 
and salt metabolism. Sodium loading by oral 
intake of hypertonic saline and water deprivation 
are physiological stimuli that can affect mag- 
nocellular AVP and OXT neuronal activity. These 
stimuli increase electrical activity of magnocellular 
AVP and OXT neurons in the supraoptic (SON) 
and the paraventricular (PVN) nuclei, and then 
rapidly elevate the plasma AVP and OXT levels 
[45, 46]. Changes in expression levels of AVP and 
OXT precursor genes have been studied by use of 
semi-quantitative in situ hybridization, Northern 
blot, dot blot, and solution hybridization analyses. 
For hybridization probes, most investigators have 
used restriction fragments or synthetic oligonu- 
cleotides complementary to the AVP mRNA en- 
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Fic. 3. AVP immunoreactive neurons (a, c, e) and hybridization signals (b, d, f) for the AVP mRNA in the PVN of 


normal (a, b), 4-day (c, d) and 7-day (e, f) water deprived rats in mirror image sections. Scale bar, 50 ~m 
Dark-field photomicrographs for hybridization. From reference [57]. 


coding copeptin and to the 3’-noncoding region of region of neurophysins [47-49]. 

the OXT mRNA, while we have used synthetic The AVP mRNA levels were increased in the 
oligonucleotide probes complementary to the magnocellular neurons of the SON and the PVN in 
mRNA loci encoding hormones and N-terminal the rat following sodium loading [2, 48, 50-56] and 
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Fic. 4. Effects of sodium loading (SL) and water de- 
privation (WD) on the AVP and OXT mRNA levels 
in the SON and the PVN. The mRNA levels are 
expressed as percent changes compared to the level 
of day 0. Each point represents the mean+S.E. (n 
=7). *, p<0.05; **p<0.01; by t-test compared to 
day 0. From references [51, 57]. 


water deprivation [57-61] (Figs. 3 and 4). The rise 
in AVP mRNA levels was restricted to mag- 
nocellular neurons, and was not found in par- 
vocellular neurons. A significant rise in the AVP 
mRNA level was observed, in most cases, 48 hr 
alter the onset, of sstimulig|225- sil 52) 599 
Thereafter, the AVP mRNA level increased fur- 
ther, and attained a peak level by day 7 of the 
treatment (Fig. 4). The increased level induced by 
dehydration was reduced following rehydration of 
the rat, but remained significantly elevated 
throughout 30 days, although the plasma sodium 
concentration and osmolality returned to the con- 
trol levels by 2 days after rehydration [56]. 
Although the AVP mRNA levels were increased 
both in the SON and the PVN following sodium 
loading in the rat, the increase in the PVN was 
gradual and much less than that in the SON [22, 
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50, 51, 55]. In contrast, a marked increase in the 
AVP mRNA level was observed in both the SON 
and the PVN following water deprivation [57] (Fig. 
4). This trend agrees well with the data concerning 
changes in amino acid incorporation following 
sodium loading and water deprivation [62, 63], 
suggesting that AVP neurons in both the SON and 
the PVN are sensitive to hypovolemic stimulation, 
and that supraoptic AVP neurons are more re- 
sponsible for osmotic or sodium regulation than 
paraventricular neurons. 

OXT mRNA levels were increased in the SON 
and the PVN following sodium loading and water 
deprivation in the rat [51, 52, 57, 64] (Fig. 4). 
After osmotic stimulation, marked release of OXT 
and hypertrophy of OXT neurons have been 
observed [51, 57, 65]. These results may imply that 
OXT neurons have some physiological role in 
water and salt metabolism, in addition to repro- 
duction. Indeed, OXT administration produced 
dose-related increases in urine flow and Na‘ and 
Cl” excretion, and considerably potentiated the 
natriuretic action of AVP [3, 4]. 

Dynorphin A is co-stored with AVP in the same 
secretory granules in magnocellular neurons [23] 
and binds to receptors on nerve terminals in the 
neural lobe [66]. Expression of dynorphin gene 
was increased after sodium loading in the rat [22, 
52]. This result indicates coordinated regulation of 
gene expression for the coexisting peptides, AVP 
and dynorphin. The fact that loci for the structural 
genes for human AVP/OXT have extremely close 
linkage with the dynorphin locus on chromosome 
20 [18] supports the idea of coordinated regula- 
tion. Dynorphin-related peptides may preferen- 
tially inhibit OXT release by a xreceptor mecha- 
nism in the neurohypophysis, and control differen- 
tial secretion of AVP and OXT [67]. 

In addition to the increase in the amounts of 
mRNAs, the size of the AVP and OXT mRNAs 
was increased following sodium loading and water 
deprivation in the rat [58, 68-72]. As is mentioned 
above, the significant increases in the mRNA 
levels were observed, in most cases, after 48 hr of 
osmotic stimulation. Whereas, the increases in 
AVP mRNA size were detected within 2 hr [58, 
69-71]. The increases in the size of the mature 
mRNAs were due to an increase in the poly (A) 
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tail size, since poly (A) tail removal reduced the 
length of AVP mRNA of control and experimental 
groups to exactly the same size [68, 72]. The 
length of AVP mRNA poly (A) tail began to 
decline progressively within 8 hr of rehydration, 
and was returned almost to the normal level by 7 
days after water replenishment [68]. Although the 
function of the poly (A) tail of eukaryotic mRNA 
is poorly understood, it may be involved in the 
enhancement of mRNA stability [73, 74] and 
translational efficiency [75, 76]. Mechanisms in- 
volved in an increase in poly (A) tail length include 
a polyadenylation in the nucleus, a cytoplasmic 
poly (A) polymerase and protection from nu- 
cleolytic attack [77]. A rapid increase in AVP gene 
transcription after osmotic stimulation did not 
correlate with the increase in the AVP mRNA 
level, but coincided with the increase in the poly 
(A) tail length [58], suggesting that there is a rapid 
destruction of preexisting AVP mRNAs and their 
replacement with new transcripts bearing longer 
poly (A) tails which could be added in the nucleus 
or the cytoplasm. 

Depletion of serotonin with p-chlorophe- 
nylalanine (PCPA) blocked the increases in AVP 
and OXT mRNA levels following sodium loading 
or water deprivation in rats, whereas the increase 
in the poly (A) tail length was similar in PCPA- 
treated and sham-operated animals [69]. After 
osmotic stimulation, the poly (A) tail length of 
AVP mRNA in the parvocellular suprachiasmatic 
neurons increased in parallel with that in the 
magnocellular supraoptic and _ paraventricular 
neurons, whereas there was no change in the 
amount of AVP mRNA in the suprachiasmatic 
nucleus (SCN) [70]. In the mouse, an increase in 
the poly (A) tail length of AVP mRNA was not 
observed after osmotic stimulation, although there 
was an accumulation of AVP mRNA [70]. These 
results suggest that osmotically induced accumula- 
tion of AVP mRNA is a consequence of increased 
transcription and/or the activation of mRNA- 
stabilizing systems not involving the poly (A) tail. 
The increases in the amount of mRNA and the 
length of poly (A) tail may be regulated by dif- 
ferent control systems/mechanisms. However, 
signals which regulate gene expression of neurohy- 
pophysial hormone precursors remain to be 


clarified. 

Among lower vertebrates, gene expression of 
VT precursor was increased following hypo- 
osmotic stimulation in rainbow trout [78]. The 
control mechanism responsible for this increase in 
gene expression after hypo-osmotic stimulation, 
which contrasts with the increase in AVP and OXT 
gene expression after hyper-osmotic stimulation in 
mammals, is not clear at present. Evolution of 
regulatory mechanisms of gene expression and the 
physiological roles of neurohypophysial hormones 
are attractive subjects for study in the future. 


(b) Brattleboro rat 


The Brattleboro rat with hereditary hypothala- 
mic diabetes insipidus lacks AVP [79]. An ex- 
planation for this syndrome was found within the 
structure of the AVP gene which has a single base 
deletion in exon B [16]. This mutation results in a 
new open reading frame beyond position 66 of the 
neurophysin. The new reading frame of the 
mutant gene has no glycosylation site and lacks a 
stop codon. The mutant AVP gene was expressed 
at a reduced level in the Brattleboro hypothalamus 
[80-86], although there were claims that the 
mutant AVP gene is expressed in the Brattleboro 
rat at the same level as in the Long-Evans rat strain 
[61, 87, 88]. 

Immunohistochemical analysis using antibodies 
raised against a synthetic tetradecapeptide (CP-14) 
corresponding to the frame-shifted C-terminal, 
indicated that a mutant AVP precursor is present 
in the potential AVP neurons in vivo, though at a 
reduced level [82, 89]. These antibodies identified 
a product of molecular weight about 26,000 in a 
reticulocyte lysate system programmed with Brat- 
tleboro hypothalamic mRNA [82]. Hybridization 
signals of the mutant AVP mRNA and im- 
munoreactivities of this large precursor and AVP 
were restrictively localized in cell bodies [81, 82, 
85]. Furthermore, the signals were restricted 
mostly to the periphery of the cytoplasm. The 
mutant AVP precursor may be too foreign to be 
handled by the normal post-translational proces- 
sing system of the magnocellular neurons. An 
study showed that im- 
munoreactivity is localized in the endoplasmic 
reticulum and trans-Golgi, but not in neurosecre- 


electron microscopic 
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tory granules [90]. Instead, there is heavy staining 
of lysosomal bodies. Since the mutated precursor 
appears to contain approximately 70 lysine res- 
idues corresponding to the poly (A) tail in normal 
rats, this highly charged alien moiety may bind 
onto membrane surfaces and/or may trigger the 
scavenging mechanisms of the lysosomal system. 

Following water deprivation for 24 hr or partial 
water deprivation (given 75% of their daily ad 
libitum water intake) for 96 hr, the mutant AVP 
mRNA level was not significantly increased, 
whereas plasma osmolality increase [84]. This 
result suggests that the Brattleboro rat has a 
marked defect in the regulation of AVP gene 
expression. The defect in AVP gene regulation, 
however, could be a phenomenon that occurs 
secondarily to the absence of circulating AVP and 
the accompanying water diuresis. In contrast to 
the untreated Brattleboro rat, the Brattleboro rat 
treated with AVP for 2 weeks exhibited a signif- 
icant rise in the AVP mRNA level in response to 
24hr of water deprivation [88]. The extent of 
AVP mRNA regulation following water depriva- 
tion in the AVP treated Brattleboro rat was com- 
parable to that observed in the Long-Evans rat, 
suggesting that the defect in AVP gene regulation 
is a secondary phenomenon rather than a primary 
genetic defect. 

Northern blot analysis of the Brattleboro and 
normal rats demonstrated a longer poly (A) tail in 
the Brattleboro rat than that in the wild-type strain 
[80, 82]. The elongated poly (A) tail in the 
Brattleboro rat may be involved in translational 
efficiency and/or mRNA stability, and could be 
related to the continuous osmotic stimulation ex- 
perienced in this strain. It will be necessary to 
examine whether the length of poly (A) tail of 
mutant AVP mRNA in the Brattleboro rat reduces 
to that of AVP mRNA in the wild-type rats after 
AVP treatment. 

In contrast to the mutant AVP mRNA level, the 
Brattleboro rat contained greater levels of OXT 
mRNA in the magnocellular regions compared 
with wild-type rats [85, 86]. The OXT mRNA of 
the Brattleboro rat also possessed a longer poly 
(A) tail as compared with that of the wild-type rat 
[80]. The plasma OXT level rose even more in the 
Brattleboro than in the wild-type rats in response 


to an increase in plasma osmolality [65]. This 
elevated activity of the oxytocinergic system in the 
Brattleboro rat may be involved in an attempt to 
maintain plasma osmolality, since OXT seems to 
have an important role in the control of renal 
function [3, 4]. 


(c) Association with reproduction 


Significant changes in hypothalamic OXT 
mRNA levels have been detected during postantal 
development, the estrous cycle, pregnancy and 
lactation in the rat. These changes in OXT mRNA 
levels were noted throughout the hypothalamus, 
including both magnocellular and parvocellular 
neurons [91]. The OXT mRNA level increased 5- 
to 10-fold from postnatal day 20 (PN20) to PN60 in 
both sexes coincidently with puberty in the rat [91, 
92]. Pregnancy induced a gradual rise in the OXT 
mRNA level during the late gestational period 
(after day 18) [93, 94]. This increase at the end of 
gestation was in accord with increases in hypotha- 
lamic and pituitary OXT levels [95]. Throughout 
the lactational period, the OXT mRNA level 
remained elevated approximately 3-fold higher 
than that in the control [91, 93, 94]. The OXT 
mRNA level in the SON was significantly in- 
creased at estrus relative to the other periods of 
the estrous cycle [93], though cyclic variation in 
hypothalamic OXT mRNA levels has not been 
found by other investigators [92]. During lactation 
and estrus of the sexual cycle, pituitary OXT 
contents were decreased, whereas plasma OXT 
levels were increased, suggesting an increased re- 
lease of OXT [93]. 

In addition to the rise in the OXT mRNA level 
during pregnancy and the elevated level through- 
out the lactational period, hypothalamic OXT 
mRNA underwent structural changes during these 
periods. The poly (A) tail length increased during 
pregnancy and this was maintained during lacta- 
tion in the rat [96]. This change in size was 
observed as early as day 14 of pregnancy. The 
increase in the poly (A) tail length may be involved 
in translational efficiency and/or mRNA stability, 
as in the case for osmotic stimulation described 
previously. 

The changes in the OXT mRNA levels corre- 
lated well with the peak of estrogen levels at 
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estrous [97], the gradual increases in plasma 
estrogen levels during puberty [98], and pregnancy 
of the rat [99]. Prepubescent gonadectomy on PN20 
inhibited, though not completely, pubertal upreg- 
ulation of the OXT mRNA level [92]. Pubertal 
treatment of genadectomized animals’ with 
estrogen or testosterone abolished the effectes of 
genadectomy. These results suggest that the in- 
creases in OXT mRNA levels are largely depend- 
ent upon circulating gonadal steroids. Estrogen 
treatment also stimulated the release of OXT from 
the pituitary [100], and altered the distributional 
pattern of immunoreactive OXT in oxytocinergic 
cells and fibers in the rat brain [101]. 

As described previously, the consensus se- 
quence proposed for the estrogen responsive ele- 
ment was found in the 5’-flanking region of the rat 
and human OXT genes [29, 31, 102] (Fig. 2C). 
These estrogen responsive elements are capable of 
conferring estrogen sensitivity on a heterologous 
reporter gene in cells expressing the estrogen 
receptor. These facts suggest that estrogen can 
directly regulate OXT gene expression. However, 
in the rat, only a subset of oxytocinergic neurons at 
sexual maturity bound radiolabeled estradiol [102, 
103] and expressed estrogen receptor-like im- 
munoreactivity [104]. Estrogen target cells were 
confined to the posterior magnocellular PVN 
(mPVN) and to a region ventromedial to the 
lateral MRVN, which belong to a group of mag- 
noceilular neurons projecting to the medulla and 
spinal cord rather than to the neurohypophysis. 
Thus, in some of the effects mentioned above, 
estrogen may affect OXT gene expression in an 
indirect fashion. 

Prepubescent gonadectomy of the rat inhibited 
pubertal upregulation of the OXT mRNA level, 
but the effect was not complete [92]. During the 
lactational period, OXT mRNA levels were in- 
creased while estrogen levels rapidly dropped after 
parturition [99]. These results indicate that a 
significant component of the increases in the OXT 
mRNA levels is independent of gonadal steroids. 
The adrenal gland is a source of steroid hormones, 
and adrenally derived steroids have been sug- 
gested to play a role in the onset of puberty in the 
rat {105]. Insulin-like growth factor-I was in- 
creased during puberty and directly upregulates 


the OXT mRNA level in the rat granulosa cells 
[106]. 

A projection from the nucleus tractus solitaris to 
hypothalamic oxytocinergic neurons is” im- 
munoreactive for the activin 8A-chain in the rat, 
and may be important in the regulation of OXT 
biosynthesis and mediation of the milk ejection 
reflex [107]. Although, expression of activin BA- 
chain gene did not vary as a function of gonad- 
ectomy or steroid treatment, it is still possible that 
significant changes occur in activin mRNA in a 
small subset of cells that influence OXT gene 
expression [92]. 

The changes in AVP mRNA levels closely par- 
allel the profile for OXT mRNA levels during 
gestation and lactation. The AVP mRNA level 
increased 2-fold after day 18 of gestation compared 
to early gestational period in rats [93, 94]. 
Throughout the lactational period, the amount of 
AVP mRNA remained elevated at levels approx- 
imately 3-fold higher than the control [93, 94]. 
These observations are very surprising since the 
increase in neuronal activity with relation to milk 
ejection reflex is strictly specific to OXT-producing 
neurons [108]. 

The stimulation of both OXT and AVP gene 
expressions in the last phase of pregnancy and 
during lactation suggests that the two genes are 
sensitivie to the same regulatory factors. Howev- 
er, it is unlikely that estrogen has direct effects on 
the AVP gene, since no estrogen responsive ele- 
ments have been found in the 5’-flanking region of 
AVP gene (Fig. 2B). It is not clear what functions 
AVP has in labor or lactation, but there are 
indications that AVP could stimulate uterine con- 
traction [109]. 


PARVOCELLULAR NEUROSECRETORY 
SYSTEMS 


(a) Hypothalamo-hypophysio-adrenal axis 


Besides the magnocellular SON and PVN, AVP 
is synthesized in other magnocellular nuclei, the 
circular nucleus and the fornical nucleus, and also 
in many parvocellular nuclei, e.g., the SCN and 
the parvocellular part of PVN (pPVN) [5] (Fig. 1). 
In the medial pPVN, AVP and corticotropin re- 
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leasing factor (CRF) are colocalized [110, 111] and 
are coreleased from nerve terminals into the capil- 
laries of the hypophysial portal vessel system in the 
external layer of the median eminence [112]. This 
AVP promotes ACTH release from the adenohy- 
pophysis [113], and synergizes with CRF in this 
respect [114]. 

AVP mRNA was colocalized with CRF and 
CRF mRNA in the medial pRVN neurons, and 
expression of both AVP and CRF genes was 
concomitantly stimulated by adrenalectomy 
(ADX) in the rat [86, 115-117]. Treatment with 
dexamethasone prevented the increases in the 
mRNA levels induced by ADX [115]. Glucocorti- 
coids could act directly to affect negative-feedback 
at the level of the pPVN via the glucocorticoid 
receptors in these cells [118-120]. 

Several brain regions which contain high levels 
of glucocorticoid receptors, including the hippo- 
campus and the lateral septum, have been impli- 
cated in the regulation of pPVN neurons [118, 121, 
122]. Hippocampal ablation resulted in profound 
upregulation of the expression of CRF and AVP 
genes in the medial pPVN of the rat [123], suggest- 
ing that the hippocampus provides a prominent 
inhibitory influence on medial pPVN neurons via 
fiber systems projecting through the forebrain. 
Unilateral lesions in the lateral septal nucleus 
enhanced the ADX-induced expression of AVP 
gene in the medial pPVN on the side ipsilateral to 
the lesion [124]. Further, anterior and total deaf- 
ferentations of the PVN resulted in increases in 
expression of AVP and CRF genes in the medial 
pPVN neurons [125]. However, the increase in the 
AVP mRNA level after deafferentation was li- 
mited to a few clearly definable neurons, compris- 
ing a less than 2-fold increase when factored across 
the entire medial pPVN neurons, whereas the 
AVP mRNA level increased about 8-fold in the 
medial pPVN after ADX. These results suggest 
that medial pPVN neurons may be regulated by 
circulating glucocorticoid levels both directly and 
indirectly through extrahypothalamic glucocorti- 
coid-receptive neurons. This idea is supported by 
the fact that elimination of synaptic inputs from 
the lateral septum to the PVN enhanced the ADX- 
induced expression of AVP gene [124]. 

The magnitude of increase in CRF mRNA after 


the deafferentations of the PVN was 2-fold in the 
medial pPVN neurons. This change was similar to 
that seen after ADX. It is thus probably that 
expression of AVP and CRF genes within medial 
pPVN neurons is differentially regulated by 
neuronal and humoral inputs. 


(6) Suprachiasmatic neurons 


The SCN is functionally specialized to form a 
circadian oscillator or a biological clock [126]. 
SCN neurons exhibit a circadian rhythm in meta- 
bolic activity as measured by uptake of 2-deoxy- 
glucose [127]. The dorsomedial SCN (dmSCN) is 
perhaps principally involved in rhythm generation, 
whereas the ventrolateral SCN which receives 
visual afferents from the retina [128] is considered 
as the locus of entrainment. 

AVP mRNA is localized in the dmSCN of the 
rat that is coextensive with AVP immunoreactive 
perikarya [129]. The AVP mRNA levels in the 
dmSCN show diurnal variation. The values were 
higher in the morning than in the night [130-133], 
which correlated well with the morning increase in 
immunoreactive AVP in the cerebrospinal fluid 
[134]. AVP mRNA in the dmSCN exhibited 
diurnal variation also in the poly (A) tail length. A 
single species of mRNA identical to that in the 
SON and the PVN was expressed in the light 
phase, whereas a smaller species was expressed in 
the dark phase [131, 135]. The increase in the poly 
(A) tail length was consistent with the increase in 
the mRNA level, suggesting that an elongated poly 
(A) tail may be involved in translational regulation 
and/or mRNA stability, as described in the pre- 
vious section. 

Regulatory mechanisms for the changes in the 
amount and the size of mRNA are not clear. 
Several neuromodulators including serotonin and 
melatonin, adrenalectomy and gonadectomy had 
no effect on the diurnal rhythm of mRNA size 
[131]. The rhythm observed in the dmSCN AVP 
neurons seems to be independent from neural 
connection, suggesting an intimate association be- 
tween suprachiasmatic AVP neurons and the 
oscillatory machinery within the dmSCN. This 
hypothesis is supported by the observation that the 
AVP mRNA level in the SCN was under circadian 
control when the nucleus was morphologically 
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immature and lacking many of the connections 
found in adult animals. The circadian rhythm of 
AVP mRNA level in the SCN was observed on 
embryonic day 21 in the rat [133]. Although 
immature synapses were first seen within the SCN 
from late fetal life, the vast majority of SCN 
afferent and efferent connections were formed 
postnatally [136]. 

The AVP mRNA level in the SCN was not 
affected by osmotic stimulation, however, the size 
of AVP mRNA was increased within 2 hr after 
water deprivation in the rat as those in the SON 
and the PVN [70]. A second smaller band of AVP 
mRNA was further observed after 2 and 4 hrs of 
water deprivation. Since dehydration was started 
during the dark phase of the daily cycle when the 
animals drink more, the smaller band may repre- 
sent a de-adenylated SCN species observed during 
the dark phase [70, 131, 135], suggesting inde- 
pendent regulation of the AVP mRNA size by 
circadian rhythm and dehydration. The physiolo- 
gical significance of an increase in the poly (A) tail 
length in the SCN after osmotic stimulation is not 
clear, but suprachiasmatic AVP neurons may be 
involved in dehydration-associated behavioral 
modifications. 


EXTRAHYPOTHALAMIC EXPRESSION OF 
AVP AND OXT GENES 


(a) Neural systems 


Expression of AVP and OXT genes has also 
been detected in several extrahypothalamic neural 
systems. AVP mRNA was found in the bed 
nucleus of the stria terminalis (BNST) [137] and 
the medial amygdala (AME) [138] in the rat (Fig. 
1). AVP neurons in the AME project to the lateral 
septum and the ventral hippocampus [139], and 
are suggested to be involved in sexual differences 
in memory and learning. 

AVP neurons in the BNST and their projections 
exhibit sexual dimorphism in the rat. The number 
of neurons and the density of staining of the cells 
and their fibers are greater in males than in females 
{140}. BNST AVP neurons project mainly to the 
lateral septum and also to the lateral habenular 
nucleus and the olfactory tubercle [141]. Gonadal 


steroids appear to influence the development and 
maintenance of these pathways [142, 143]. AVP 
neurons in the BNST and fibers in the lateral 
septum have been considered to be associated with 
several sexually dimorphic functions, including the 
regulation of gonadotropin secretion [144], male 
copulatory behavior, learning and memory [145], 
and so on. 

Castration dramatically decreased the number 
of AVP mRNA-containing cells and the intensity 
of hybridization signals in the BNST on the rat 
[137]. Testosterone treatment of castrated animals 
reversed the effect of castration. Treatments of 
castrated rats with supraphysiological levels of 
testosterone increased the AVP mRNA level over 
that in castrates treated with physiological levels of 
testosterone and also that in intact rats. These 
results confirm that gonadal steroids are critical in 
the maintenance of the AVP system and support 
the physiological roles of BNST AVP neurons for 
sexual functions. Steroid-concentrating cells are 
localized in the BNST of the rat, and the promoter 
region of the rat AVP gene contains GRE which 
serves as a target binding site for a variety of 
receptors including the androgen receptor [146]. 
These facts suggest a direct genomic effect of 
steroids on AVP neurons. 

Expression of OXT gene was detected in the 
medial preoptic area (MPOA) [147] (Fig. 1). The 
MPOA is considered as the brain area that con- 
trols maternal behavior. The most critical region 
of the MPOA for the expression of maternal 
behavior lies in the lateral commissural nucleus 
(LCN) [148] from which OXT neurons project to 
the lateral septum [149]. In the LCN, the OXT 
mRNA level was increased in lactating rats relative 
to pregnant and castrated rats [147]. The factors 
responsible for the observed increase in the OXT 
mRNA level are not known. Short-term estrogen 
treatment elevated the OXT mRNA level in LCN 
neurons [150]. However, neuronal activity arising 
from nipple stimulation during suckling may be a 
major stimulatory factor for the OXT mRNA 


level, since during lactation both estradiol and 
progesterone levels are decreased relative to late 
pregnancy. 
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(b) Gonadal expression 


AVP and OXT have been immunologically de- 
tected in several peripheral organs including the 
ovary (corpus luteum), testis, adrenal and thymus. 
AVP and OXT mRNAs have also been demon- 
strated in the ovary and testis of the rat, bovine, 
human, ovine and baboon [19, 82, 106, 151-157], 
suggesting extraneuronal syntheses of these pep- 
tides. Sequence analyses of both hypothalamic 
and gonadal neurohypophysial hormone precursor 
mRNAs showed that both sequences are identical 
except that the gonadal mRNAs have a substan- 
tially shorter poly (A) tail [20, 82, 158]. Expres- 
sion of neurohypophysial hormone precursor 
genes is probably under independent control in the 
hypothalamus and gonads. In the large cells of the 
ruminant corpus luteum, there was a conspicuous 
elevation in OXT gene expression accompanying 
luteinization on the day of ovulation, following 
which the OXT mRNA level was markedly re- 
duced [155, 157]. There was no change in the level 
of OXT mRNA in the ruminant hypothalamus 
through the estrous cycle. 

Except for OXT mRNA in the bovine ovary, the 
levels of gonadal OXT and AVP gene expression 
were too low to influence the plasma levels of the 
hormones, indicating paracrine roles of the pep- 
tides [159]. However, little is known about the 
physiological functions of gonadal OXT and AVP. 
It has been suggested that luteal OXT may play an 
endocrine role, stimulating the release of prosta- 
glandins from th uterus [160]. In the rat, AVP 
affected androgen synthesis in vitro [161]. Howev- 
er, the physiological significance of this effect has 
been questioned, since no effect on testosterone 
production could be demonstrated in vivo [162]. 
OXT and AVP may also be involved in modula- 
tion of seminiferous tubule contractility [163]. 

In the Brattleboro rat, AVP immunoreactivity 
(ir) was detected in the gonads, in which the 
amount of ir-AVP of both the Brattleboro and the 
Long-Evans rats was approximately equal [164], 
whereas AVP-ir was almost undetectable in the 
Brattleboro hypothalamus. The Brattleboro rat 
expressed the mutant AVP gene which has a 
longer poly (A) tail than its non-mutant counter- 
part, but at reduced levels, in the hypothalamus 
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[82]. In the ovary, the mutant AVP gene was 
expressed at the similar level to the Long-Evans 
and the Sprague-Dawley rats. Irrespective of rat 
strain, the poly (A) tail of ovarian AVP mRNA 
was shorter than that in the hypothalamus [82]. 
The AVP mRNA isolated from gonads possessed a 
very short poly (A) tail which would yield up to 10 
lysines at the C-terminal of the mutant precursor 
when translated. This precursor may be sufficient- 
ly close to normal to avoid being diverted from the 
usual processing pathway. 

Recently, three novel AVP gene-related tran- 
scripts of 0.67, 0.83, and 2 Kb were identified in 
the rat testis [153, 165]. The 0.67 and 0.83 Kb 
transcripts contained exon B and C and a novel 
exon derived from sequences about 7-10 Kb up- 
stream of the hypothalamic transcriptional start 
site, but not exon A. These two transcripts should 
be derived by differential splicing of a common 
pre-mRNA. They were not translationally active, 
since they do not encode an open reading frame 
that is capable of being translated, and were not 
associated with translationally active polysomes 
[153]. In contrast, the 2 Kb transcript was the only 
testicular transcript that contained an exon A- 
related sequence [165]. This transcript may ex- 
plain the mechanism that enables the Brattleboro 
rat to produce ir-AVP in the testis but almost none 
in the brain. The testicular mRNA that produces 
AVP-like immunoreactivity would be free from 
any mutational aberrations and, therefore, would 
be capable of being efficiently translated [165], 
although sequence determination of the transcript 
would be required to confirm this hypothesis. 


ONTOGENY 


Fetal AVP is though to be involved in regulation 
of the amniotic fluid balance, restriction of blood 
loss during labor, stimulation of mitosis, and brain 
development [166-168]. In the rat and the mouse, 
supraoptic and paraventricular neurons differenti- 
ate between embryonic age (E) 12 and E14, and 
settle between E15 and E18 [169, 170]. The 
presence of AVP in magnocellular neurons in the 
SON and the PVN of rat and mouse embryos has 
been demonstrated by immunological techniques. 
AVP immunoreactivity was first detected between 
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E14 and E16 [171-174]. Expression of AVP gene 
was detected in the SON of the rat and the mouse 
beginning on E15 [80, 172] or E16 [133, 175, 176] 
using in situ hybridization, while signal was de- 
tected from late gestational period using Northern 
blot analysis [177, 178]. In the mouse, AVP and 
AVP-NP immunoreactivities were first detected on 
E14 in the internal layer of the median eminence, 
while hybridization signals of AVP mRNA and 
immunoreactivity of AVP and AVP-NP were de- 
tected from E15 in the SON, suggesting that AVP 
precursor is already translated from a small 
amount of AVP mRNA and that newly synthe- 
sized AVP or AVP precursor may be immediately 
transported to the neurohypophysis [172]. In- 
creased sensitivity of the ISH method may be 
needed to clarify the onset of synthesis of AVP 
precursor in the  hypothalamo-hypophysial 
neurosecretory system. 

The AVP mRNA levels were markedly in- 
creased in both the SON and the PVN just after 
the birth in the mouse, although the expression 
level of AVP gene was rather low in the fetus 
compared to the adult [172] (Fig. 5). Immunoreac- 
tivity of AVP neurons was drastically decreased in 
both nuclei on PN 1 and PN 2, suggesting marked 
AVP release in the neonates (Fig. 5). A hybrid- 
ization study demonstrated that AVP mRNA 
levels in the SON were increased on E21, but not 
on E19, by osmotic stimulation [179]. This in- 
crease in the AVP mRNA level was positively 
correlated with plasma osmolality. AVP may have 
an important osmoregulatory role in neonatal 
animals undergoing drastic changes in water me- 
tabolism immediately after the birth, although the 
maturation of AVP hormonal action appears to be 
a late developmental event [180, 181]. 

OXT has also been detected in the rat embryo, 
but, unlike AVP, noticeable quantities of OXT 
were first detected at E19 to E20 in the hypothala- 
mus [171]. In contrast, the presence of OXT 
mRNA was first detected in the SON at E17 and in 
the PVN at E18 in the rat [176]. The detection of 
both AVP- and OXT-neurophysins at E16 in the 
rat [182] is consistent with the mRNA data, sug- 
gesting that this difference between first detection 
of OXT mRNA and OXT immunoreactivity is 
accounted for by a delay in prohormone matura- 
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Fic. 5. Changes in the number of silver grains per 
immunoreactive cell (solid line) and immunohis- 
tochemical stainability of AVP neurons (broken 
line) in the SON and the PVN of developing mice. 
Each point represents mean+S.E.. Higher optical 
density corresponds to higher level of immunoreac- 
tivity. Note that stainability of AVP neurons is 
drastically decreased on PN1 (significantly different 
from the value of PNO, p<0.001), whereas the 
number of silver grains is still high. From reference 
[172] (Neuroscience, with permission). 


tion. Gainer and his colleagues showed that OXT 
was cleaved from its precursor on E18 but re- 
mained in a C-terminal extended form until E21, 
when amidated OXT was first detected in the 
pituitary, whereas processing of AVP precursor in 
the fetus was immediate and complete [183]. 


CONCLUSION 


Neurohypophysial hormone producing neurons 
are located in many neuronal groups in the brain, 
including the SON, the magnocellular and _ par- 
vocellular PVN, the SCN, the BNST, and the 
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MPOA. Each of them has particular physiological 
roles. AVP and OXT gene expression is altered by 
a variety of physiological stimuli. The changes in 
gene expression coincide well with the predicted 
roles that the nuclei have. These facts suggest that 
each neuronal group producing AVP and/or OXT 
is regulated differentially and specifically by a 
particular regulatory system. The intriguing ques- 
tion to be clarified is the nature of differences in 
the regulatory systems/mechanisms of neurohy- 
pophysial hormone producing neurons in different 
neuronal groups. 

Studies on promoter regions of AVP and OXT 
genes and intracellular regulatory mechanisms for 
transcription of AVP and OXT genes are indis- 
pensable to clarify the regulation of AVP and 
OXT biosyntheses. Up to the present, these 
studies have been performed using heterologous 
cell lines and chimeric plasmids containing por- 
tions of the promoter regions linked to the re- 
porter gene. This system, however, cannot study 
relationships between promoter sequences and 
additional cell-specific transcription factors. The 
availability of a cell line expressing the endogenous 
AVP or OXT gene is required. Recently, trans- 
genic mice expressing rat AVP gene [184], rat 
OXT gene [185], and bovine OXT gene [151] have 
been produced to study tissue-specific expression 
of these genes and their regulation. Such molecu- 
lar techniques will be appropriate tools to realize 


the regulatory mechanisms of neuroendocrine 
secretion. 
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ENDOCRINE CONTROL OF AMPHIBIAN METAMORPHOSIS 
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In addition to thyroid hormone, several other 
hormones are involved in metamorphosis. The 
role, mechanism of action and regulation of 
secretion of these hormones will be discussed on 
the basis of our experimental data. 

Aldosterone and corticosterone, the main corti- 
coids in amphibians, potentiate the action of 
thyroid hormone by augmenting the nuclear bind- 
ing capacity for thyroid hormone. Requirement of 
synthesis of new RNA(s) and protein(s) for the 
action of corticoids has been demonstrated. Along 
with the plasma levels of thyroid hormone, the 
plasma corticoid levels rise markedly at early 
climax. Administration of an inhibitor of corticoid 
synthesis, attenuates the action of thyroid hor- 
mone. The effect of the inhibitor is nullified by 
supplementing with corticoids. Presence of corti- 
coid receptors in a target organ of thyroid hor- 
mone has also been demonstrated. Taken 
together, it is evident that adrenal steroids play an 
important role for the acceleration of metamor- 
phosis. 

In contrast, prolactin emerged as an antimeta- 
morphic hormone. Prolactin inhibits metamorphic 
changes to a certain extent. But the contribution 
of endogenous prolactin seems to be not so much 
as expected from the results of early experiments 
in which huge doses of mammalian prolactin were 
employed. Radioimmunoassay for plasma prolac- 
tin revealed that the levels are relatively low 
during pre- and pro-metamorphosis and early 
climax. It is the later stage of climax, when 
prolactin surge occurs. At this stage, prolactin 
mRNA levels in the pituitary are also high, 


Suggesting that prolactin synthesis is enhanced. 
Prolactin at late climax stage can hardly be 
considered as an antimetamorphic hormone, since 
the tissue has already been subjected to the high 
concentrations of thyroid hormone and has under- 
gone a considerable transformation. Prolactin 
from this stage on may be involved in osmoregula- 
tion and maturation of respiratory system and of 
other regulatory systems necessary for adult life. 
Prolactin release in tadpoles appears to be under 
dual control, stimulatory and inhibitory. Enhance- 
ment of hypothalamic stimulation rather than 
depression of hypothalamic inhibition is necessary 
for the hypersecretion of prolactin, since no 
prolactin surge occurs in the stalk-sectioned tad- 
poles even if they are supplemented with thyroid 
hormone. TRH is regarded as the major prolactin- 
releasing factor and dopamine as the major inhibit- 
ing factor in the hypothalamus. 

In addition to the antimetamorphic effect, 
growth-promoting effect of prolactin has been 
noted. The effect is marked in the “larval organs”. 
Bullfrog prolactin stimulates the growth of tail-fin 
but not that of hind-limbs, which develop in the 
larval period for adult life. The growth of 
hind-limbs is under the stimulatory control of 
thyroid hormone and growth hormone. Plasma 
growth hormone levels rise gradually as meta- 
morphosis proceeds. The growth-stimulating 
effects of both prolactin and growth hormone are 
mediated through factors circulating in the blood, 
which have not been identified at the moment. 
Interestingly, antimetamorphic effect of prolactin 
seems to be a direct one. 
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ZOOLOGICAL SCIENCE 8: 1027 (1991) 


[THE ZOOLOGICAL SOCIETY PRIZE] 


© 1991 Zoological Society of Japan 


Cellular and Molecular Mechanisms of Differentiation 
in Ascidian Embryos 


NorIyukI SATOH 


Department of Zoology, Faculty of Science, Kyoto University 
Sakyo-ku, Kyoto 606 


The ascidian embryo has long provided a model 
system for mosaic development. Taking advantage 
of the experimental material, we have studied 
cellular and molecular mechanisms involved in 
specification and differentiation of embryonic cells 
of this animal. We first re-examined cell lineages 
in ascidian embryos by the newly developed 
method of intracellular injection of a tracer en- 
zyme. We showed that the lineage of embryonic 
cells is more complex than had hitherto been 
believed. For example, muscle cells are derived 
not only from the B4.1 pair of the 8-cell embryo, 
which had been thought to be only source of the 
cells, but also from the A4.1 and b4.2 pairs. 
Neverthless, developmental fates of blastomeres 
are highly invariant. 

Next, we have produced several epidermis- 
specific monoclonal antibodies, a few muscle- 
specific antibodies, one notochord-specific anti- 
body, and two antibodies which recognize trunk- 
lateral cells; all of these monoclonal antibodies 
may be useful as differentiation markers. For 
example, the epidermis-specific antibodies have 
been used as the probe for exploring the dif- 
ferentiation pattern of epidermal cells. In partial 
embryos produced by four separated blastomere- 
pairs of the 8-cell embryos, the expression of 
antigens was seen only in those developed from the 


animal blastomere-paris which are progenitors of 
epidermal cells. 

The extensive capacity of autonomous (mosaic) 
development has been revealed in vaious lineages. 
The potential is though to depend on prelocalized 
information or determinants in the egg cytoplasm. 
For example, muscle determinant is sequestered in 
the so-called myoplasm. We showed that the 
myoplasm contains at least specific 
polypeptides that are undetectable in the ecto- 
plasm and endoplasm. Monoclonal antibodies 
specific to components of the myoplasm have been 
raised. One of the antigenic polypeptides, named 
myoplasmin-Cl, is a single 40-kDa protein. When 
the myoplasmin-Cl1 antibody is injected into fertil- 
ized eggs, development of a muscle differentiation 
marker was inhibited in more than 80% of the eggs 
injected with the antibody. 

Recently, we have isolated cDNA probes for 
myosin heavy-chain gene and for muscle actin 
genes; transcripts of the genes appear soon after 
gastrulation. We also have obtained eight diffe- 
cDNA clones that correspond to the 
epidermis-specific genes. They show different 
temporal expression patterns. Further studies 
towards molecular understanding of regulatory 
elements and factors for the gene expression are 
now in progress. 
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STRUCTURE OF THE OCELLI OF A SIPUNCULID, 
PHASCOLOSONA SP. 

Peeneseaki. Biel. Imst., Fac. Educ...) Oita 
Univ., Oita. 


The structure of the cerebral ocelli of 


a sipunculid, Phascolosoma sp. was exanm- 
ined by light microscopy and scanning 
electron microscopy. The ocelli of this 
species were embedded at dorso-lateral 
position in the brain. Pigment cup of the 
ocelli opened as receivirg light from 
anterior, dorso-lateral direction and the 
bottom of the. cup invaginated posteriorly 
into the brain. Observation of serial 
paraffin sections revealed that in the 
Pigment cup, there were fibrous structures 
adjoining pigment cells and homogeneous 
substance maybe stored by secretion at the 
center but no nucleus was found in the cup 
Scanning electron micrographs showed 
that unpigmented cells sent their narrow 
cytoplasmic shaft into the pigment cup 
through gaps among pigmented cells. Apices 
of the cytoplasmic shaft gave off an array 
of microvilli in all directions and the 
microvilli formed an arch between two 
apices. The pigmented cells also sent 
several thick threads bundling 2 to 5 
microvilli which extended straightly from 
the surface of the pigmented cell into 
central mass of very small] grains. Many 
small grains being almost uniform in size 
adhered to both microvilli protruding from 
pigmented cells and unpigmented ones. 


Distribution of F-actin in the compound eye of 
the crab, Hemigrapsus sanguineus 


Atsuko Matsushita, Kentaro Ankawa, and Eisuke Eguchi. 


Department of Biology, Yokohama City University, 
22-2 Seto, Kanazawa-ku, Yokohama 236, Japan. 


The rhabdomeric microvilli of arthropod and molluscan 
photoreceptors contain a cytoskeletal core. In Drosophila and 
crayfish the core contains at least two actin filaments that ex- 
tends into the cell body). From the organization of the fila- 
ments, the actin is thought to be related to the turnover process 
of the photoreceptive membrane. In the crab, the size of the 
rhabdom changes between day and night as a result of daily 
synthesis and degradation of the rhabdomeric membrane, 
indicating that the animal is suitable for studying if any 
cytoskeletons contribute to the membrane turnover process. 

In this study we examined the distribution of actin in the 
compound eye of the crab, H. sanguineus, by conventional 
electron microscopy, phalloidin labeling, EM immunocyto- 
chemistry, and myosin subfragment | ($1) decoration. 

Some filamentous structures of unknown nature (@5~12 
nm) were found within the microvilli, in subrhabdomeric cyto- 
plasm, and in the cytoplasmic bridges that connect the cell 
body and the rhabdom through the perirhabdomeric vacuole. 
The phalloidin labeling showed that the most of F-actin in the 
eye exist in the rhabdom and basement membrane. The EM 
immunocytochemistry revealed that the bridges also contain 
actin. The S1 decoration confirmed that the actin in the retina 
are at least in part filamentous. The filaments in the bridge and 
thabdom are continuous and are arranged with their barbed 
end towards the tip of the rhabdomeric microvilli. Because the 
bridges are the only possible route to transport membrane ma- 
terial between the rhabdom and cell body, the actin filaments in 
the bridge may be associated with the transportation. 
© Arikawa K et a1(1990) J Cell Biol, 110-1993. 
® Arikawa K et al(1987) J Comp Physiol, 161:161. 


Dynamic morphology on the rhabdom formation 
in the compound eye of silkworm pupae 
(Bombyx mori) 


Shihoko Maeda and Eisuke Eguchi. 


Department of Biology, Yokohama City University, 
22-2 Seto, Kanazawa-ku, Yokohama 236, Japan. 


The formation of rhabdom in the compound eyes of 
silkworm-moths during the pupal stages under the 
normal cyclic light-dark condition was investigated in 
special relation to the intracellular transport of the 
protein and chromophore by using the histological, 
autoradiographic and HPLC methods. From the ex- 
periments, the followings are confirmed 1) the forma- 
tion of rhabdom starts at 6th pupal day, 2) rough en- 
doplasmic reticulum(rER) and small vesicles are 
dominatly observed in the cytoplasm of the ommatid- 
ium from 6th to 9th pupal day more than at adult(12th 
day), 3) numerous mitochondoria are preferentially 
observed near by rhabdomeric and cell membrane in 
the retina at adult stage, 4) the amount of 3-OH retinal 
of compound eyes increases remarkably from 8th pu- 
pal day to adult, and 5) the incorporation of 3H-leucine 
into the rhabdom increases greatly from 8th pupal day 
to adult in proportion to the rhabdom formation. 


DISTRIBUTION OF GANGLION CELLS AND SEROTONIN 
IMMUNOREACTIVE CELLS IN THE RETINA OF RIVER 
LAMPREY, LAMPETRA JAPONICA. 

K. Sunayama', S. Tamotsu’, M. Samejima’, C. Nagashima? 
and Y. Morita’. '1l. Dept. of Physiol., * Central Lab. of 
Histol., Hamamatsu Univ. Sch. of Med., Hamamatsu. 


The distribution of ganglion cells and serotonin immuno- 
reactive (SI) cells, which have been regarded as a type of 
amacrine cells, were investigated in lamprey retina using 
retrograde tracing combined with immunocytochemical 
identification. As the retrograde tracer, horseradish 
peroxidase (HRP) was used. The serotonin immuno- 
reactivity was visualized with FITC technique or PAP 
technique. Some fixatives were tried to find the best for 
this method. As the result, Zamboni’s fixative and formalin 
of pH. 7.4 were proved to give clear appearance of HRP 
reaction products without loss of immunogenicity. 

Generally, in vertebrate retina, the ganglion cell layer 
(GCL) exists outside of the optic nerve layer of most 
inside, and inner plexiform layer (IPL) is situated between 
GCL and inner nuclear layer (INL) including amacrine 
cells. However, in the lamprey, the ganglion cells were 
observed in the same layer of the SI amacrine cells and the 
optic nerve fibers run radially through the INL 
Consequently, the IPL was located most inside of the 
retina. 
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REGULAR ARRANGEMENT OF CHROMATIC SUBTYPES 
OF CONE PHOTORECEPTORS IN THE DACE RETINA. 
S. Hidaka’, Y. Hashimoto’, and T. Ohtsuka’. ‘Dept. of Physiol., 
Tokyo Women's Med. Coll., Tokyo and “Dept. of Infomt. 
Physiol., Natl. Inst. for Physiol. Sci., Okazaki, Aichi. 
Photoreceptors in the vertebrate retinae are arranged in a random 
manner, which prevents producing a visual illusion (Moiré 
pattern) from repetitive visual patterns. In the retina of some 
teleosts, however, cone photoreceptors are arranged in a regular 
row mosaic pattern. In order to reveal the functional significance 
of regular arrangement of photoreceptors, we investigated cone 
photoreceptors in the retina of the Japanese dace (Tribolodon 
hakonensis) by immunocytochemical labeling. The dace has six 
morphological subtypes of cones; four single cones and two 
members of double cones. The double and single cones are 
mutually distributed in a regular row mosaic pattern. Each of 
cones contains one of four different kinds of visual pigments, 
i.e., red, green, blue, and UV absorbing visual pigments (Harosi 
and Hashimoto, 1983). The antisera we used recognize different 
cone opsins. The antibody labeled one subtype of single cones 
as well as accessory member of double cone. From 
correspondence with microspectrophotometrical measurements, 
the immunoreactive cells were shown to be green cones. The 
green cones displayed a hexagonal array in the regular row 
mosaic. We further examined the synaptic endings of these cones 
by conventional as well as high voltage electron microscopy. The 
synaptic terminals were distributed in a mosaic pattern similar to 
the outer and inner segment arrangement. Our finding suggests 
that the spatial information of chromatic signal in the outer 
segment is conveyed to the synaptic ending of cone 
photoreceptors. 


PINEALOCYTES AND EFFERENT FIBERS IN PARA- 
PINEAL ORGAN OF RIVER LAMPREY. 

S. Tamotsu and Y. Monita. 1. Dept. of Physiol. Hamamatsu 
Univ. Sch. of Med., Hamamatsu. 


The photosensory pineal complex of lamprey 
comprises a pineal organ and a parapineal organ. We 
investigated immuno-cytochemically pinealocytes and 
efferent fibers of parapineal organ. S-antigen-, opsin-, 
visinin-, and serotonin-immunoreactive pinealocytes were 
found in the parapineal organ. Parapineal typical photo- 
receptors, showing strong S-antigen immunoreactivity 
localized at center of ventral wall. Serotonin- 
immunoreactive (5S-HT-IR) pinealocytes were at both ventral 
and dorsal, and have been regarded as the cell responsible 
for melatonin release. These findings suggest that the 
parapineal organ is functioning. 

Axons of central origin, immunoreactive with an 
antiserum against tetrapeptide (FMRFamide) were found 
in the parapineal but not in the pineal organ. Some of them 
extended into the dorsal wall. Using double labeling 
technique with anti-serotonin and anti-FMRFamide 
antibody, it was observed that a varicosity of the FMRFamide 
immunoreactive axon was in contact with the axonal 
projection or soma of the 5-HT-IR pinealocyte. The 
FMRFamide efferent fiber may control the release of 
melatonin. 


AN SEM OBSERVATION IN LUMENS OF THE LARVAL 
PINEAL ORGAN OF A SALAMANDER, Hynobius 
dunni. 

H. Takahama, Biological Institute, Faculty 
of Education, Oita University, Oita, Japan. 


The pineal organ in the larve of a 
salamander, Hynobius dunni, having been 
cryofractured in pure ethanol at liquid 
nitrogen temparature after glutaraldehyde 
fixation, was examined by scanning electron 
microscope. The pineal organ, situated over 
the region between the habenular and 
posterior commissures, possesses well- 
developed lumens. The lumens are divided 
into four parts: a small closed vesicle 
(parapineal-like), a large end vesicle, an 
atrium and a short stalk. The lumen of the 
end vesicle connects with the third 
ventricle via the atrium and stalk. In the 
pineal organ, many cell processes of 
photoreceptor cells and supportive cells 
are observed within the lumens. The 
processes of the photoreceptor cells, are 
relatively long and cone-like in shape but 
some of them are meandered or branched. The 
lamellar structures of the outer segment in 
the photoreceptor cells sometimes display 
whorl-like profiles. Many microvilli of the 
supportive cells are protruded into the 
lumens directly from the cell body or from 
globular cell-processes. Long microvilli of 
them contact with the photoreceptor cells. 
The microvilli of the supportive cells are 
longer (about 3 pm) than those (less than 1 
pm) of the epithelial cells on the roof of 
the third ventricle. 


THE OUTER SEGMENT CONTAINING THE VISUAL 
PIGMENT, P-467, OF TYPE C DOUBLE CELL IN 
THE GECKO RETINA RECOGNIZED BY A MONOCLONAL 
ANTIBODY AGAINST BOVINE RHODOPSIN. 

M. Yoshida! and F. Crescitelli? 

'Oita Univ., Oita, Japan and 2 UCLA., USA. 


Chloride effect and thermometric 
response known as the non-rhodopsin-like 
properties of the visual pigments, P-521, 
of Gekko gekko (Crescitelli, 1977) were 
noted in the visual pigments of Coleonyx 
variigatus and of G. japonicus. The IgG 
Gold-Silver method using a monoclonal 
antibody (Rh 29) against bovine rhodopsin 
(Tokunaga et al. 1989) was applied to the 
paraffin sections of retinas from a gecko 
G. japonicus and a salamander Hynobius 
dunni. The outer segments containing P-521 
in the retina of G. japonicus, and the 
green rod of a salamander, H. dunni were 
not reactive with the antibody, while the 
outer segments containing P-467 of one 
Member in type C double cell of G. 
japonicus, and of the red rod of H. dunni 
were labeled with the antibody. These 
results indicate that the outer segments of 
P-521 have changed to form rod shapes 
although they still retain the cone 
property such as chloride effect, and that 
the outer segments of P-467 of type C 
double cell might have transmuted to yield 
the rod opsin recognized by the antibody. 
The present results support the 
transmutation theory of Walls (1934). 
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IMMUNOHISTOCHEMICAL STUDIES ON THE REGENE- 
RATING RETINA OF ADULT NEWT. 2 
- Saito’, M. Ushijima™ AND K. Negishi 
fet. of.Biol..-Sci., Univ: ‘of Tsukuba, 
TSUKUBA, Dep. of Neurophysiol. Univ. of 

Kanazawa Sch. of Med. KANAZAWA. 

Newts possess the ability to regenerate a 
functional retina following the complete 
removal of the original retina. In order to 
study stratification of the retina during 
regeneration, immunohistochemical staining 
techniques have been used. 

(1) Proliferating cell nuclear antigen 
(PCNA) was used as an endogenous maker for 
proliferating cells in regenerating newt 
retina. Immunoreactive-PCNA was founda 
initially in all retinal neurons before 
segregation into synaptic layers has begun. 
Subsequently as the regenerating retina 
Gifferentiatead into two synaptic layers 
(outer and inner plexiform layers), cells 
lost their immunoreactivity. 

{2) Visinin is a photoreceptor (cone- 
cell)-specific protein (Hatakeyama et al., 
1985, Brain Res.). It was found to be 
expressead in the regenerating retina 
characterized by 5-6 cell thickness with no 
segregation into distinct synavtic layers. 

(3) The monoclonal antibody against 
protein Kinase C (PKC) selectively reacted 
with ON-type bipolar cells of the control 
retine. It was also reacted with the 
bipolar cells in the regenerating retina 
characterized by segregation Into ~ the 
synaptic layers. 


GROWTH OF SINGLE RETINAL GANGLION CELLS 
ISOLATED FROM NEWT IN CULTURE MEDIUM 


CONTAINING VARIOUS CELL ADHESSION 
SUBSTANCES 
H.SAKAI, Y.KANEKO AND T.SAITO. Enstsip tot 


Biol. Sci. Univ. of Tukuba, IBARAGI. 


Solitary retinal ganglion cells isolated 
from adult newt were cultured in a plastic 
dish (Falcon no.3001) which contained 80% 
L-15 medium without serum at 25°C. In order 
to seek a good culture condition, we 
examined effects of various cell adhession 
substances, such as laminin, fibronectin, 
concanavalin A (con-A) and poly-L-lysine. 
We found that con-A was better substance 
than other ones. 24% of solitary ganglion 
cells remained viable for up to 7 days and 
many of them generated extensive fields of 
processes in con-A coated dish. Electrical 
membrane properties of solitary ganglion 
cells in culture were studies by using 
whole-cell patch clamp techniques and were 
compared with those recorded from ganglion 
cells acutely isolated. Voltage-dependent 
ionic currents underlying action potentials 
of freshly isolated ganglion cells 
consisted of five components: inward I 
and Las and outward currents of 
TEA-sen$?tive sustained, 4-AP sensitive 
transient and Ca -activated varieties. 
Excitability of cultured ganglion cells 
were identical to those of the freshly iso- 
lated cells, suggesting that physiological 
conditions as well as morphology of the 
cells maintained well in the culture. 


EXPRESSION OF IONIC CURRENTS IN CULTURED 
CELLS DISSOCIATED FROM "EARLY" REGENERATING 
RETINA OF THE ADULT NEWT. 

Y.KANEKO, H.SAKAI AND T.SAITO. LnS:cip of 
Biol. Sci. Univ. of Tsukuba, IBARAGI. 


Solitary cells were dissociated from regene- 
rating retinas 20 days after removal of the 
original retina. The retina at this period 
was usually observed as a monolayer includ- 
ing of pigment cells, partially depvigmented 
cells and cells with completely depigmented 
cytoplasm. They were cultured in 80% L-15 
medium at 25°C. Some of these cells sur- 
vived in culture and grew processes. The 
whole-cell patch clamp recording has been 
made to study the development of voltage- 
dependent ionic current in solitary cells 
as, jaestunctiony of) time .in «culture. (1) 
Depigmented cells showed slow-rising action 
potentials of long duration. Ionic 
Gependence of this excitability displayed 
two voltagedependent current components: 
slow inward IWa and TEA-sensitive outward 
Ik) There was no indication of the inward 
ICa. In culture, these currents increased 
in amplitude and the inward Ifa) developed. 
(2) A partially depigmented cell was suc- 
cessfully recorded. The small increased 
current was evoked as the membrane was 
depolarized (-30 mV). We could not analyzed 
the ionic dependence of this current 
because of the fragility of its membrane. 
(3) Pigment cells and partially depigmented 
cells did not transdifferentiated into 
neurons in the present culture conditions. 


WHOLE-CELL CLAMP ANALYSIS OF MEMBRANE 
CURRENTS OF DISTAL AND PROXIMAL PHOTO- 
RECEPTOR CELLS IN MANTLE EYE OF PECTEN 
Y.Shimatani, and Y. Katagiri 

Dept., of Physiol., Tokyo Women's Med., College, Tokyo 162 


Membrane properties of distal and proximal photoreceptor 
cells in mantle eye of scallop Pecten were studied by current and 
voltage-clamp conditions. In the distal cells, the resting potential 
was about -40 mV. They responded to light with hyperpolarizing 
receptor potential. Whole-cell currents in darkness consisted of 
three obvious components; (a) fast transient outward current (IA) 
which rapidly inactivated and blocked by 4-AP in extracellular 
solution, (b) delayed potassium current (IKD), and (c) inward 
calcium current (Ic). Membrane currents to voltage steps in 
illumination had a large outward component which maintained at 
the peak level of the response. They suppressed by the 
extracellular 4-AP, but not by 0 Ca* and 10 mM Co*. The 
characteristics of an initial phase of the outward current in 
darkness were the same to that in illumination. However, the 
inactivation phase of the outward currents observed in the dark 
was disappeared in illumination. In the proximal cell, the resting 
potential was dependent on intracellular chloride concentration. 
They responded to light with depolarizing receptor potential. 
Whole-cell currents in proximal cells consisted of mainly inward 
currents which suppressed by removal of extrecellular Na’ ions. 
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COUPLING BETWEEN ULTRAVIOLET AND GREEN 
RECEPTORS IN THE ANTERIOR LATERAL EYES OF 
ORB WEAVING SPIDERS. 

S. Yamashita. Biol. Lab., Kyushu Inst. 
of Design, Fukuoka. 


The spectral sensitivities of the 
anterior lateral eyes of the orb weaving 
spiders, Argiope bruennichii and A. 
amoena were investigated by recording 
electroretinograms (ERGs). The peak 
sensitivities were observed at about 520- 
540 nm in the green and at about 360 nm 
in the ultraviolet. Under a white light 
background, yellow-adaptation greatly 
depressed the sensitivity to green light, 
and ultraviolet-adaptation suppressed the 
sensitivity to ultraviolet light. In 
contrast, for the completely dark-adapted 
eye, both the green and ultraviolet 
sensitivities decreased rapidly after the 
start of yellow-adaptation, but then only 
the ultraviolet sensitivity increased 
gradually over a period of 1-2 hours 
under the yellow-adaptation. These 
observations suggest that ultraviolet and 
green receptors are coupled to each other 
under the conditions of darkness, but the 
coupling decreases gradually during 
illumination. 


Photon capture efficiency of the color receptors in 
the retina of a butterfly 
determined by a quantum bump analysis 
Kentaro Arikawa, Reiko Kojima, and Eisuke Eguchi. 


Department of Biology, Yokohama City University, 
22-2 Seto, Kanazawa-ku, Yokohama 236, Japan. 


The compound eye of the butterfly Papilio contains five 


types of color receptors whose sepctral sensitivities peak at 
UY, violet, blue, green, and red, respectively “). We have 
studied the membrane properties of these receptors by analyz- 
ing quantum bump, the discrete depolarization produced by the 
absorption of a single photon. Here we recorded the bumps 
from the color receptors (except red) using the monochromatic 
light at their peak wavelengths in the spectral sensitivity at low 
light intensities (1~ #§photons/facet/Ssec), and found that the 
blue receptor is inferior in the photon capture efficiency. The 
bump size was also different among the receptors: UV and 
violet receptors produce larger bumps than the others. 

There are some explanations for the origin of the UV peak 
that appears in the spectral sensitivity of the green receptor.: 
coupling of UV and green receptors; existence of two distinct 
visual pigments in a single receptor; sensitizing pigment 
coexists with a visual pigment, etc. Judging from the fact that 
the green receptors produce smaller bump compared to the UV 
receptors, the green receptor's UV bump should be larger than 
the green bump if the UV sensitivity is originated from the UV 
receptor. However, the size of the bump at UV and green were 
identical, indicating that the green receptor's UV sensitivity 
cannot be simply attributed to a coupling with the UV receptor. 
The result is also supported by another experiment in which 
the polarization sensitivity was compared between UV and 
green peaks of the green receptor @ . 


) Arikawa K et al.(1987) Naturwiss,74:297-298. 
2) Bandai K & Arikawa K (1990) Zool Sci, 7:1028. 


RESPONSE PROPERTIES OF SINGLE UNIT 
PHOTORECEPTORS OF PAPILIO XUTHUS TO 
FLICKERING LIGHTS 

T. Nakagawa, and E. Eguchi Department of Biology, 
Yokohama City University, Yokohama. 


Electrical responses (receptor potentials ) to flickering light 
stimuli were recorded intracellularly from the five types of 
color receptors (UV, Violet, Blue, Green, Red ) in the com- 
pound eye of the butterfly, Papilio xuthus, in order to study 
the relation between light intensity and critical fusion frequen- 
cy (CFF) to flickering lights. The flickering lights are the 
monochromatic lights with the wavelengths at which each col- 
or receptors have the maximal spectral sensitivities. In accor- 


dance with Ferry - Porter law, the CFF increases linearly in 
proportion to the logarithm of light intensities below 150% that 
generates 50% of the maximum response. And the CFFs stay 
nearly constant in the range of light intensities stronger than 
150%. From the wave-form analysis of single responses to 
different light intensities, it was confirmed that no increase 
in the CFF to the light intensities stronger than 150% can be at- 
tributed to the prolongation of the time course in the falling 
phase of the responses caused by light adaptation. In the 
range of frequencies from 10 to 130 Hz, response amplitudes 
decrease exponentially with increasing frequencies of flicker- 
ing lights. 

And we investigated the differences of the CFF among five 
types of color receptors. The maximum CFF of green recep- 
tor is significantly higher than that of UV receptor. 


PH-DEPENDENT ACTION OF APB ON HORIZONTAL 
CELLS IN THE GOLDFISH RETINA. = 

K.-I. Takahashi and D. R. Copenhagen . 
Dept. Physiol., Keio Univ. Sch. Med., 
Tokyo and Depts. Ophthalmol. & Physiol., 
Sch. Med., UCSF, U.S.A. 


In isolated, perfused retinae, appli- 
cation of glutamate (Glu) analog 
2-amino-4-phosphonobutyrate (APB), hyper- 
polarized L-type horizontal cells and 
suppressed their light responses. Changes 
in intracellular pH ([pH];) influenced 
APB's action. Acidification of retinal 
cells by perfusion with acetate or in- 
creased levels of CO5z enhanced the action 
of APB on horizontal cells. By contrast, 
alkalinization by perfusion with ammonia 
reduced or eliminated the action of APB. 

To elucidate whether APB acted 
directly on the horizontal cells, we 
tested the effects of APB and Glu on 
enzymatically dissociated horizontal 
cells. Glu-induced depolarizations were 
found to be inhibited by APB. Intracellu- 
lar acidification enhanced APB's effects 
and alkalinization reduced them. Direct 
measurements of [pH]; with the pH indica- 
tor dye BCECF showed that APB was effec- 
tive at [pH]; < 7.4, well within the 
normal physiological range of these cells. 
We conclude that horizontal cells have 
APB sites whose function is antagonistic 
at Glu receptors. The action of APB is pH 
dependent. 
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STUDY ON THE PLANARIAN. VISUAL PIGMENT 
K.Azuma , N.Iwasaki , M.Azuma~, 
T.Shinozawa> and T.Suzuki‘. IDept. of 
faa. , Osaka Med. Coli:, Takatsuki, 
Dept. of Healfh Sci., Osaka Kyoiku 
Univ., Osaka, Dept. of biol. and chen. 
Engin.,, Fac. of Engin., Univ of Gunma, 
Kiryu, “Dept. of Pharmacol., Hyogo Coll. 
of Med., Nishinomiya. 


Retinoid extracts from light-adapted 
planarian(Dugesia japonica) were analysed 
by HPLC. The anterior parts of the animal 
including eyes contained retinal, and 
retinol,. The posterior part also 
contained retinol,. The amount of 
retinal was 0.2 pmol-1.2 pmol/one head: 
ll-cis isomer was 40-60 % of total amount 
of retinal,. One planaria contained 20-50 
pmol of retinol,.. 

It was elucidated by using a fluo- 
rescence microscopy that the retinol was 
present in oil droplets which were 
distributed in the anterior and posterior 
parts. 

When the anterior part including the 
eyes was treated with HCHO and then 
NaBH,, the eyes emitted yellow-green 
fluorescence under near-ultraviolet 
light. 

These results indicate that the 
prosthetic group of the visual pigment is 
11-cis retinal,. 


DISTRIBUTION OF THE VISUAL PIGMENTS IN THE 
FIREFLY COMPOUND EYE (LUCIORA). A.Terakital, 
T.Hariyama?, M.Sakayori2, H.Tashiro!, I.G.Gleadall2 
and Y.Tsukaharal-2, lLab. for Photo-Biol., PDC, 
RIKEN, Sendai and 2RCAIS, Tohoku Univ., Sendai. 

It has been reported that spectral sensitivities of 
several fireflies measured by ERG show two peaks at 
UV and yellow regions. (Lall et al.. 1988). Our ERG 
recording of L.cruciata also indicated two measure 
peaks at 360nm and 560nm, and the intracellular 
recordings showed the one measure peak at 560nm. 
These facts suggested the occurrence of at least two 
kinds of visual pigments. In this paper, distribution 
of the visual pigments in the compound eyes (L. cruciata 
and L. lateralis) were investigated. 

HPLC analyses revealed that there are two kinds of 
chromophores, retinal (Aj) and 3-hydroxyretinal (A3) 
in the compound eye [Male; A1:A3 = 2:7, Female; 
A1:A3 = 3:7 (L. cruciata)], and in the case of L. lateralis, 
more than 80% of the A; was the chromophore of UV- 
sensitive pigment and more than 90% of Ag was that of 
visible light-sensitive pigment. 

The male and female eyes were cut into thee parts, 
dorsal, medial and ventral regions, and analyzed for the 
molar ratio of Aj to Ag. _In the female dorsal region, 
the ratio was higher than that of the rest regions, and 
the ratios in the male regions were almost the same. 
These findings indicated that dorsal region of the 
female compound eye especially contains large amount 
of Aj-pigment (possibly UV-sensitive). The rhabdom 
structures in the female dorsal region were compared 
with the others and with the male regions by light- and 
electron-microscopy. The structural difference 
relating to the distribution of the A; chromophore was 
still unclear. 


CHROMOPHORE-DEPENDENT MATURATION OF 
DROSOPHILA OPSIN 

H.Nagatani, M.Ozaki, F.Tokunaga, K.Ozaki. 
Dept. Of Biola, weac. or Sei...) Osaka. Univ. , 
Toyonaka. 

In the absence of chromophore 11-cis-3- 
hydroxy-retinal (11-RAL), Drosophila opsin 
is not synthesized in their retinas. 
Northern hybridization, however, indicated 
that chromophore-free retina contained 
opsin mRNA as much as normal retina, sug- 
gesting that the opsin synthesis was con- 
trolled with 11-RAL after transcription. 

In this study, we traced the way of the 
opsin synthesis with [~“S]-Met. The sup- 
ply of 11-RAL specifically stimulated the 
incorporation of [ S]-Met into 35 kDa 
peptide (mature opsin), while it suppress- 
ed the labeling on 40 kDa peptide. The 
immunoblotting analysis showed that both 
35 kDa and 40 kDa peptides were immuno- 
reactive with the monoclonal anti-opsin 
antibody, and that neither peptide was 
present in the mutant which lacked the 
complete region of the major opsin gene. 
We next treated the peptides with peptide- 
N-glycosidase F. The apparent molecular 
mass of mature opsin was not affected with 
this treatment, while that of 40 kDa pep- 
tide was shifted to 37 kDa. All above 
results strongly suggests that 40 kDa 
peptides is a precursor of mature opsin 
which undergoes deglycosilation during the 
maturation. In conclusion, 11-RAL probably 
accelerates the opsin synthesis by in- 
ducing the maturation of opsin. 


CONFORMATIONAL CHANGES IN OCTOPUS RHODOPSIN 
UPON LIGHT ILLUMINATION: FLUORESCENT PROBE 
FOR THIOL RESIDUES 

T.Iwasa, M.Nakagawa and M.Tsuda, Dept. of 
Life Science, Fac. of Sci., Himeji Insti- 
tute of Technology, Hyogo 678-12. 

The primary structure of rhodopsin (Rh) 
are recently clarified in several species 
and the structure-function relationships 
are discussed based on the model deduced 
from the amino acid sequence. It is re- 
mained uncertain, however, which amino acid 
residues are taking a part in conformation- 
al changes due to light-absorption. 

En order, to. clarity the structural 
change due to photoabsorption in octopus 
Rh, we used a fluorescent probe ANM (N-(1- 
anilinonaphthyl-4)maleimide) specific for 
thiol residues. Measuring the fluorescence 
intensity after mixing ANM to octopus MV 
membrane suspension, the intensity of 
fluorescence increased with time. Rh 
labeled with ANM retained the photoreversi- 
bility between rhodopsin and metarhodopsin. 
The binding site of ANM was investigated by 
a reverse phased HPLC. MV membrane mixed 
with ANM for 2 hours was digested with 
lysylendpeptidase, loaded on the HPLC, and 
fluorescent peptides were collected. One 
major fluorescent peptide contained Cys 
337, 338 and 345. They locates C-terminal 
region of Octopus Rh, where G-protein and 
Kinase are supposed to interact with Rh. 
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N-TERMINAL STRUCTURE OF PHOTORECEPTOR G- 
PROTEIN a-SUBUNIT 

K.Kokamel, y.Fukadal, T.Yoshizawa2, T.Takao3 
and Y.Shimonishi3: lpept .of Biophys., Fac. 
Of SC eS VOLOmUNIAViET pLVOL Oly 2Dept.of Appl. 
Phys. and Chem., Univ.of Electro-Communica- 
tions, Tokyo, 3iInst.Protein Res., Osaka 
Univ., Osaka. 


Transducin, composed of Ta and Ty sub- 
units, is a member of the heterotrimeric G- 
proteins, and transduces the light signal in 
visual cells. Although the blocked N- 
terminus of Ta is known to play an important 
role for coupling between Ta and Ty, the 
structure of the blocking group has not yet 
been elucidated. To investigate the N- 
terminal structure of Ta, bovine Ta was 
digested with lysyl endopeptidase, and the 
proteolytic fragments were separated from 
each other by a reversed-phase HPLC. Based 
on the amino acid analyses, three different 
fragments were identified as the N-terminal 
peptides, GAGASAEEK. Since all the three 
fragments were resistant to Edman degrada- 
tion, it is evident that the N-terminal 
glycine residue of Ta is modified by hetero- 
geneous groups. Two of them were identified 
as lauryl and myristyl groups by FAB mass 
spectrometry and chemical synthesis. 
Chemically synthesized myristy1-GAGASAEEK 
inhibited the GTPase activity of Ta/Tfy, 
while non-modified peptide did not. Thus, 
it is strongly suggested that the fatty acid 
linked to the N-terminus of Ta is involved 
in the function of transducin. 


BIOCHEMICAL AND PHOTOCHEMICAL 
PROPERTIES OF CHICKEN GREEN-SENSITIVE 
CONE VISUAL PIGMENT. 

Y. Imamoto!, H. Imai!, Y. Fukada!, Y. Shichida! & 
T. Yoshizawa’. 'Dept. Biophys., Fac. Sci., Kyoto 
Univ., Kyoto & Dept. Appl. Phys. Chem., Univ. 
Electro-Communications, Tokyo. 

In order to elucidate the essential differences be- 
tween cone and rod pigments which may be related to 
the differences in physiological responses between 
cone and rod, biochemical and photochemical proper- 
ties of chicken green-sensitive cone visual pigment 
(GREEN, Amax=508nm) were compared with those of 
rhodopsin (Amax=503nm), chicken rod pigment, and 
iodopsin (Amax=571nm), chicken red-sensitive cone 
pigment. GREEN was extracted from chicken reti- 
nas and partially purified by a combination of con- 
canavalin A and DEAE cclumn chromatographies. 
The properties of GREEN similar to those of iodo- 
psin but not to rhodopsin were rapid regeneration 
(binding of protein moiety with 11-cis-retinal) and 
the absence of meta III intermediate in its photo- 
bleaching process. However, unlike iodopsin, the 
batho intermediate trapped at liquid nitrogen temper- 
ature was thermally bleached and the absorption 
spectrum was not affected by chloride. Therefore, 
the properties required for the cone pigment would 
be rapid bleaching and regeneration, which are fit to 
absorb the successive photons in the light conditions. 


CHLORIDE RELEASE DURING THE BATHO- 
LUMI TRANSITION IN IODOPSIN. 

Y.Shichida!, Y.Imamoto!, Y.Fukada!, T.Yoshizawa2, 
1Dept. of Biophys., Fac. of Sci., Kyoto Univ., Kyoto 
and 2Dept. of Appl. Phys. and Chem., Univ. of 
Electro-Commun, Tokyo. 

Among the chicken cone visual pigments, iodopsin 
is the only one pigment whose absorption spectrum is 
affected by chloride binding to the protein moiety. 
Our previous experiments (Imamoto et al. (1989) 
Biochemistry, 28, 9412-9416) suggested that the 
chloride bound to the iodopsin would be released in 
the photobleaching process. In the present 
experiments we compared the absorption spectra of 
the photo-induced intermediates from chloride-bound 
iodopsin with the corresponding ones from nitrate- 
bound form in order to get more direct evidence 
about the chloride release. The absorption spectra of 
chloride-bound iodopsin and its batho-intermediate 
were different from those of nitrate-bound form. In 
lumi- and meta J-intermediates, however, the 
chloride bound form displayed the same spectra with 
the nitrate bound one. When chloride is still bound 
in the intermediate state, its absorption spectrum 
would be different from each other and if not, the 
spectrum should be the same. Therefore, the present 
results supported our previous suggestion that the 
chloride bound to iodopsin was released from the 
protein moiety during the batho-lumi transition. 


PRIMARY STRUCTURES OF VISUAL PIGMENTS 
PRESENT IN VERTEBRATE CONE 
PHOTORECEPTORS. 


T.Yoshizawa!, T.Okano2, D.Kojima2, Y.Fukada2, 


Y.Shichida2, T.G. Ebrey3. 1Dept. of Appl. Phys. and 
Chem., Univ. Electro-Communications, Tokyo, Japan, 


2Dept. of Biophys. Fac. of Sci., Kyoto Univ., Kyoto, Japan, 
3Dept. of Physiol. and Biophys., Univ. of Illinois, USA. 


We determined the primary structures of four 
kinds of chicken cone visual pigments (chicken 
red, green, blue and violet) and of two kinds of 
gecko visual pigments (P521 and P467) by cDNA 
cloning. Based on their amino acid identities, a 
phylogenetic tree of vertebrate visual pigments 
was constructed to demonstrate that an ancestral 
cone pigment evolved first into four groups and 
that all the rhodopsins were diverged much later 
from one of them. It was strongly suggested that 
scotopic vision has evolved out of photopic vision. 
On the basis of the net electric charge calculated 
from the amino acid composition of each pigment, 
all the known cone pigments and higher 
vertebrate rhodopsins were shown to be basic and 
acidic, respectively, at pH 7.0. From this point of 
view, both of the gecko pigments (P521 and P467) 
were categorized in the cone pigment groups, 
although they were present in the rod-shaped 
photoreceptor cells. 
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CLONING AND SEQUENCING OF CRAYFISH OPSIN 
cDNA. 

T.Hariyama’, K. zaki“, F. Tokunaga” and 
Y.Tsukahara 5 RCAIS, Tohoku Univ., 
Sendai, and “Department of Biology, Osaka 
Univ. Toyonaka. 

The electrophysiological and immuno- 
histochemical studies have suggested that 
the winter-type crayfish posesses four 
types of visual pigment in his eye, while 
& Single kind of pigment is found in the 
eye of the summer-type crayfish (Hariyama 
et al. 1988, 1989). 

We have cloned an opsin cDNA. About 
200 ug of total RNA was extracted from 
1200 eyes. Single- and double-stranded 
cDNA were then synthesized from purified 
poly(A)* RNA, and amplified by the PCR 
method. Using PCR with degenerate opsin 
primers, we cloned and sequenced some cDNA 
fragments from a single kind of opsin 
mRNA. The deduced amino acid sequence 
showed that the crayfish opsin is similar 
to other known opsins, in view of the 
presence of conserved key residues (K for 
retinal-binding, two C for disulfide bond, 
S and T for phosphorylation etc.). Using 
one of the above cDNA fragments as a 
probe, we examined the PCR-amplified 
genomic DNA with southern hybridization. 
Three major bands were detected on the 
agarose gel electrophoresis of PCR 
products. Two of them were then labeled 
with the probe. This result suggests that 
crayfish posesses at least two different 
opsin genes. 


CLONING AND NUCLEOTIDE SEQUENCE OF cDNA 
FOR SQUID RHODOPSIN. 

M. Kondo!, I. Hara-Nishimura!, M. Nishimura!, R. Hara? 
and T. Hara 'Dept. of Cell Biol., Natl. Inst. for Basic Biol., 
Okazaki and *Dept.of Biol., Kinki Univ. Sch. of Med., Osaka 


- In the squid retina, a set of three retinal proteins, 
rhodopsin, retinochrome and retinal-binding protein 
(RALBP), plays a crucial role for maintaining the visual 
photoreception, forming a recycling system of retinal. In 
order to examine the molecular mechanism for the mutual 
exchange of cis and trans retinals between RALBP and 
meta-pigment, cDNAs for retinochrome (1) and RALBP (2) 
of the squid (Todarodes pacificus) were already cloned and 
characterized. We report here the cloning and nucleotide 
sequence of cDNA for the third protein, squid rhodopsin. A 
cDNA library was constructed from poly(A)*RNA of the 
squid retina and screened. One positive clone with the 
longest insert of cDNA (3.1 kb) was obtained by employing 
a PCR-amplified cDNA fragment as a probe. The 
nucleotide sequence of this clone revealed a single open 
reading frame of 1,344 bp encoding a polypeptide (Mr 
49.833) covering a complete sequence for the squid opsin. 
This clone has a very long 3'-noncoding region (1.7 kb) 
which includes multiple polyadenylation signals, AATAAA. 
The analysis of hydropathicity demonstrated that squid 
rhodopsin possesses seven membrane spanning domains 
and that a possible retinal-binding site, lysine 305, was 
located in the 7th domain. Todarodes rhodopsin also 
contained characteristic PPQGY repeated in the C-terminal 
region, as reported in Loligo and Octopus rhodopsins. 

(1) Hara-Nishimura, I. et al. (1990) FEBS Lett. 271, 106-110 
(2) Ozaki, K. et al. (1988) Mol. Physiol. of Retinal Proteins, pp. 
419-420, Yamada Sci. Foundation Press, Osaka 


CLASSIFICATION OF VISUAL PIGMENT GENES 
OF VERTEBRATES. 


O.Hisatomil!, S.Kayadal, Y.Aokil, 
T.Iwasa2, F.Tokunagal. 
Ipept. of Biol., Fac. of Sci., Osaka 
Univ., Osaka and 2Dept. of Life Sci., Fac. 
Or oer. , Himey. inst, of Tech: , Himeji. 


Two gene groups of human cone’ pigments 
were identified by Nathans and Hogness 
(1984). Some vertebrates (e.g. chicken 
and goldfish) are thought to have at least 
4 kinds of cone pigments. We tried to 
Classify these cone pigment genes and to 
investigate the diversity and molecular 
evolution of vertebrate visual pigments. 

Using oligonucleotide mixtures as 
primers, chicken genomic DNA fragments 
were amplified by polymerase chain 
reaction. We found two kinds of DNA 
fragments (CHK-1 and CHK-2) which seemed 
not to belong to known visual pigment gene 
groups. Deduced amino acid sequences of 
CHK-1 and CHK-2 show 47% identity to each 
other, and 35-50% identities to those of 
human blue and chicken red pigments. 

We carried out amplifications using 
genomic DNA of goldfish and salmon as 
templates. Cloned DNA fragments (5 and 4 
kinds for goldfish and salmon, 
respectively) can be classified into human 
red, human blue, CHK-1 or CHK-2 gene 
group. It was Suggested that at least 4 
groups, in addition to rhodopsin, exist in 
vertebrate visual pigments. 


IMMATURE BLUE SENSITIVITY IN THE JUVENILE GOLDFISH 
K. Ohnishi Dept. of Physiol., Nara Medi. Univ., 
Kashihara 

Photopic spectral sensitivities of the juvenile 
(3-5 cm in body length, from head to tail) and the 
adult goldfish (10-13 cm) were measured using a 
electro-shock avoidance conditioning technique. 
The fish were trained to avoid the US (electrical 
shock, 10V, DC, 5HZ) which followed 20 sec after 
the CS (monochromatic light) onset by using a rel- 
atively small shuttle box, which encouraged the 
fish to take a standard position relative to a il- 
luminated screen. The conditioning speed in the 
juvenile trained with 450 nm monochromatic light 
was significantly slower than in the adult and did 
not change regardless of blue background illumina- 
tion, in contrast to a remarkable decrement in the 
speed in the adult. While, each speed in the juve- 
nile trained with 525 nm light and 625 nm light 
was not different from that of the adult. These 
indicate that the spectral sensitivity in the 
juvenile is lower, specifically in the blue region, 
among the three spectral sensitivity maxima of the 
cone receptors, and further the juvenile does not 
perceive 450 nm light as blue color. The juvenile 
may have a umique color vision, different from 
that of the adult, in at least visible spectral 
range due to selective delayed development of the 
blue-sensitive neural mechanism. Further, it is 
shown that the obtained results from the present 
study have a similarity of interest to those from 
human infants. Several behavioral studies have 
shown that human infants have a defective vision 
in short-wavelength region. 
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VISION AND BIOLUMINESCENCE OF THE FIREFLY 
SQUID, WATASENIA SCINTILLANS 
‘M.Michinomae, “Y.Kito, *M.Seidou and 


=K Neritas.) Dept Bon tolls, JAKE, Ole 
Seci., Konan Univ., Kobe Hyogo. 2)Dept. of 
Biol., Fac. of Sci., Osaka Univ., Toyonaka 
Osaka. 


KK 


The firefly squid, Watasenia scintillans 
is known due to the intense bio- 
luminescence from large photophores at the 
tips of the fourth arms and various small 
photophores distributing the ventral sur- 
face. Previously, HPLC and microscopic 
studies of the retina showed, three types 
of visual pigments with Al, A2, A4. The QA 
maxs of these visual pigment are 484 nm, 
500 nm, 470 nm respectively. Photographic 
observation of bioluminescence for ventral 
surface suggested that blue as well as 
yellowish green light were emitted.In this 
paper, spectrophotometric analysis of the 
light from the ventral surface of live 
squids demonstrated that the light with a 
max of 470 nm at the below 7 °C and the 
light with 4A max of 540 nm above 15 °C 
were emited. These bioluminescent lights 
are different from the photic environment 
in the deep sea. The close rerationship 
between bioluminescence and vision with 
three visual pigments is suggestive of the 
color vision of the firefly squid. 


WHY CEPHALOPOD HAS LONG RHABDOM? 


ly. Kito,!m. seidou, kK. Narita, M. Michi- 
nomae and 3p, Nakabayashi. Inept. of Biol., 


Osaka Univ. Toyonaka, “Dept.of Biol., Konan 


Univ., Kobe, 3 piv. of Ophthalmology, Kinan 


Hospital, Tanabe, Wakayama. Japan. 


Various behaviors of many cephalopods are 
known to depend largely on high performance 
of their vision. We studied the molar ext. 
coeff. and the concen. of visual pigments 
in rhabdoms of some squids. Mol. E. of 
Pigments were 33,000 (about 15 % lower than 
vertebrate values) and absorbance at max. 


of 100 wm thick rhabdom was about 0,8. The 


concen. of visual pigment in rhabdoms was 
estimated to 0,7 of that in frog rod on the 
basis of spacing values determined in live 
retinae by X ray analysis (Blaurock 1972, 
Hamanaka 1988). These things suggest squids 
need longer photoreceptors to pertain to 
the same sensitivity as that of frog rod. 
We measured some properties of their lens 
Loligo. 
Relations of radius and focal length of 
their lens were close to Matthiessen's 
ratio. Squids were all hypermetropic in 
some degree (+ 2.5 in Dioptry), being 
estimated by skiascopy. Long rhabdoms would 
be a consequence of the relative low 
sensitivity of rhabdom but enable them to 


in Todarodes, Watasenia and 


have still adequate vision for near-sight. 


COLOUR CATEGORIES IN THE BLOWFLY TRAINED 
TO MONOCHROMATIC LIGHTS. 

T. Fukushi. Dept. Biol., Miyagi Coll. 
Educ., Sendai. 


To know how flies recognise various 
colours of the object, the blowfly, 
Lucilia cuprina, was trained to a mono- 
chromatic light and tested for visiting 
responses to colour patches of blue, 
green, yellow and red. The fly matches 
test colours to a monochromatic light 
trained and visits to a colour recognised 
as identical or most resembling to it. The 
fly categorises tested wavelengths of 420 
to 620 nm into three given colours. Blue 
response region covers 440 to 490 nm, 
green response region 500 to 510 mm and 
yellow response region 520 to 580 nm. From 
the ranges of the colour regions 
discriminability for colours seems to be 
highest at the green region and lowest at 
the yellow region. The fly learns not only 
to visit actively to the trained colour 
but also to avoid untrained colours. 


VISUAL SYSTEM OF THE TIGER BEETLE LARVA 
Y. Toh, Dept. of Biol., Fac. of Sci., 
Kyushu Univ., Fukuoka. 

The visual system of the larval tiger 
beetle (Cicindela chinensis) consists of 
six (two large, two medium-sized and two 
small) stemmata on either side of the head, 
and an underlying neuropil mass. The 
neuropil mass consists of two juxtaposed 
identical structures, each of which is a 
neuropil complex of the large stemma. The 
complex consists of the first and second 
optic neuropils, lamina and medulla 
neuropils, respectively. The lamina 
neuropil shows structural similarity to 
that of the compound eye visual system: it 
consists of regularly arranged retinular 
axons and descending axons of lamina 
monopolar neurons. The medulla neuropil 
consists of descending lamina monopolar 
axons and processes of medulla neurons. 
Main processes of medulla neurons spread 
fan-shaped dendrites in the distal region 
of the medulla neuropil, and extend 
proximally towards the brain. Moreover a 
single giant process (more than 8 pm in 
diameter) courses medially in the lamina 
and medulla neuropil. Its cell body occurs 
outside the lamina neuropil as those of 
other lamina neurons do. The giant process 
projects many long collaterals all over the 
lamina neuropil. It terminates deep in the 
medulla neuropil with extensive terminal 
arborizations. These data are discussed in 
relation to the visual function of this 
larva. 
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IN THE HAGFISH VISUAL INFORMATION SETS THE 
CIRCADIAN PACEMAKER VIA THE PRETECTUM. 
S. Ooka-Soudal, T. Kadota2 & H. Kabasawa3. 
lAtomigakuen Jr. College, Tokyo, 
2Department of Anatomy, Yokohama City 
University School of Medicine, Yokohama, 
3Aburatsubo Marine Park Aquarium, Miura. 


Hagfish, Eptatretus burgeri, which 
have no pineal gland, showed free-running 
rhythm in constant darkness, but displayed 
stereotyped nocturnal activity under a 
12L:12D period. In enucleated animals, 
the locomotor activity was free-running at 
all times. We concluded that light-dark 
cycle information perceived by the eyes 
mediates the hagfish nocturnal locomotor 
activity rhythm, in spite of the advanced 
state of degeneration of the eyes. Under 
a 12L:12D period, normal locomotor rhythm 
was maintained after removal of the 
mesencephalic tectum, but the locomotor 
activity became free-running after 
ablation of the tectum and pretectum. In 
most lower vertebrates, the mesencephalic 
tectum (optic tectum) seems to be the 
center of the sense of sight. But in the 
hagfish, most retinal projections 
terminate at the pretectum. We concluded 
from this fact and the results of 
our experiments that visual information 
regulates the hagfish activity cycle by 
way of the pretectun, not the 
mesencephalic tectum. 


CIRCADIAN RHYTHM OF VISUAL PIGMENTS IN THE 
RETINA OF THE JAPANESE QUAIL ( COTURNIX 
COTURNIX JAPONICA ) 

M.Sasaki, M.Takimoto and T.Oishi Dept. of Biol., Nara 
Women's Univ., Nara 


In order to study the rhythm of visual pigments in the 
retina of the Japanese quail, the birds were reared in 
light-dark cycle (LD 12:12; light on 6:00-18:00, 100 lux) 
at 25 °C for 14 days and then in continuous darkness 
(DD) or continuous light (LL) for 2 days. After 14 days in 
LD cycle and 2 days in DD or in LL, five birds each were 
killed at about 4 hour-intervais, with 4 hours of colchicine 
treatment and one eye was fixed in Bouin's solution, and 
the retina of the other eye was stored in a frozen for later 
melatonin assay. Paraffin sections (4 um) of the retina 
were stained immuno-histochemically using anti-serum 
against bovine rhodopsin and monoclonal anti-bodies 
against chicken iodopsin and avidin-biotin peroxidase 
system. 

The outer segments of rod cells were stained intensely 
by the rhodopsin anti-serum throughout 24 hours in LD 
cycie, LL and DD. However, some parts of inner 
segments (probably Golgi apparatus) were stained only 
during light phase of LD cycle. The rhythm seems to 
disappear in constant condition. The inner segments of 
cone cells stained by the iodopsin anti-bodies showed 
similar results. 

Thus, opsins (both rhodopsin and iodopsin) seem to 
be produced actively in light phase of LD cycle in the 
Japanese quail. 


EFECT OF CAROTENOID DEFICIENCY ON 
CIRCADIAN RHYTHM IN HATCHING OF THE 
SILKWORM, BOMBYX MORI. II 

K.Sakamoto! and I.Shimizu?. 

1 Dept. of Biol., Yokohama City Univ., 
Yokohama. Center for Ecol. Res., 
Kyoto, Univ:.; Kyoto. 


The silkworm larvae were reared on a 
carotenoid (CARO) -deprived artifical diet,and 
hatching rhythm of the offspring larvae was 
investigated in order to examine an 
involvement of CARO and/or vitamin A in the 
circadian rhythm of insect. The hatching 
patterns of the larvae from the CARO- 
Geficient moths(M0O), from lutein-injected 
moths (MO+lutein) whose visual photo- 
sensitivity was confirmed to recover, and 
from moths which had been reared on a 
carotenoid-rich diet (M40) containing 
mulberry leaf powder(40% of dry wt), were 
examined, respectively. Carotenoid 
Geficiency did not affect the intensity of 
light pulses that caused phase shift in the 
hatching rhythm, which suggests that the 
carotenoid and its derivative are not 
involved in photoreception of the hatching 
circadian rhythm. However, the first peak 
of MO population produced by transition from 
LL to DD appeared significantly earlier than 
that of CARO-rich population (M40 and MO+ 
lutein). This tendency was also observed at 
the first peak produced by a single light 
pulse exposed in DD and by transition from 
LD12:12 to DD. Possible involvement of CARO 
in phase-setting mechanism was disscused. 


CIRCADIAN ELECTRICAL ACTIVITY RHYTHM PERSISTS IN 
CRICKET OPTIC LOBES KEPT IN VITRO 

K. Tomioka and Y. Chiba. Biol. Inst., Fac. Sci., 
Yamaguchi Univ., Yamaguchi 


The circadian pacemaker controlling the locomotor 
rhythm is thought to be located in the optic 
lobe in the cricket, Gryllus bimaculatus (Tomioka, 
1991). This view is based on the following facts 
that the removal of the optic lobe results in an 
arrhythmic activity and that the efferent electri- 
cal activity to the brain exhibits a circadian 
rhythm. In the present experiment, we tested 
whether the rhythmic activity persists in optic 
lobes isolated and kept in vitro. The optic lobes 
with major tracheas left intact were carefully 
dissected out, rinsed with Mitsuhashi and Maramo- 
rosch insect culture (MM) medium containing Genta- 
mycin (l00#¢g/ml) and 0.005% Kanamycin for 3 times 
In vitro recording of the efferent electrical 
activity of the optic lobe was carried out in 
constant light using an oil gap chamber contain- 
ing MM medium Nine out of 15 optic lobe-compound 
eye complexes recorded exhibited circadian 
rhythms in spontaneous impulse activity. The 
activity gradually increased a few hours prior to 
the original lights-off time, reached at the peak 
level within a few hours, and maintained the level 
about 12h, then gradually decreased to a trough 
level. The trapezoidal pattern peaking in the 
subjective night was thus produced. The pattern 
is quite similar to that exhibited by the optic 
lobe in situ. Similar patterns were exhibited by 


the tracheated optic lobes. These facts indicate 
that the optic lobe generates the circadian 
rhythm without any neural or humoral factors 


from the rest of the nervous system 
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EXPRESSION OF A REPORTER GENE IN THE 
CNS OF DROSOPHILA FERTILE STRAINS 
INDUCED BY P-ELEMENT INSERTIONAL 
MUTAGENESIS. 

A. Komatsu!, E. Machiyama!, S.-R. Tseng?2, H. 
Tsujimura?,Y. Sano3, R. Ueda? and D. Yamamoto. 
1Dept. Physiol., Tokyo Women's Med. Coll., 2Lab. 
Biol., Tokyo Univ. Agri. Tech. 3Mitsubishi-Kasei 
Inst. Life Sci. 


Jumpstart method was used to make enhancer 
trap strains having a P-element, P-lwB, which 
contains a reporter gene, JacZ, anda weak 
promoter. The expression of the reporter gene was 
detected in 3rd instar larvae of fertile strains with 
"X-gal" method which provides blue precipitate 
within cells containing the gene product, B- 
galactosidase. Out of 181 fertile strains examined 
171 strains (94.5%) showed the gene expression in 
the CNS. This rate of expression in the CNS was 
highest among the 22 organs and imaginal discs 
inspected. Region-specific expression was observed 
in 125 strains (69.1%). Among them neuron group- 
specific expression was observed in 57 strains 
(31.5%). In 21 strains (11.6%) identifiable 
homologous neurons were stained in segmental 
arrangement within the thoracic and/or abdominal 
ganglia. In 4 strains (2.2%) a few identifiable 
neurons were observed. The latter two cases were 
not obtained in 129 lethal strains studied previously. 


THE ANALYSIS OF PYOKORI BEHAVIOR USING 
THE PHOTORECEPTOR MUTANTS IN DROSOPHILA 
MELANOGASTER 

'K.Matsubara, =M.Michinomae, and SE 
Nakashima 1)Toyonaka 4th Junior High 
School, Osaka. 2)Dept. of Biol., Fac. of 
Sci., Konan Uinv., Kobe Hyogo. 3)Dept. of 
Life Sci., Univ. of Osaka Pre., Sakai 
Osaka. 


ET 


An anomalous behavior mutant of 
"pyokori" in D. melamogaster is known due 
to the jumping with a stimulation of 
flickering light. The pyokori(P) behavior 
is strongly affected by photic environ- 
ment. And also, P is affected by the 
ommatidium number of compound eye. In the 
combination of Bar eye mutant ( in which 
ommatidium number is decreased to 1/10 of 
wild type) and pyokori, P behavior is 
not detected. 

Using the photoreceptor mutants in which 
R7 rhabdomeres are absent (sev) and mu- 
tants in which the rhabdomeres of the 
R1-R6 are absent (ora, rdgB),it has been 
possible to study a part of photoreceptor 
cells on the P behavior. The double mu- 
tants of sev and pyokori, show that a P 
frequency are decreased to 50% of P 
strain. The other combination of ora, 
rdgB and pyokori, P behavior is complete- 
ly decreased to 0%. These results suggest 
a close relationship between physio- 
logical function of photoreceptor cells 
and pyokori behaviour. 


LSSFVRIamide-RELATED PEPTIDES ISOLATED 

FROM THE VENTRAL NERVE CORDS OF AN ECHIU- 

ROID WORM, URECHIS UNICINCTUS. 

T. Ikedal, I. Kubota”, W. Miki? and Y. 

Muneokal. I1fFac. of Integrated Arts and 
Sciences, Hiroshima Univ., Hiroshima, 
Suntory Bio-Pharma Tech Center, Gunma and 


Marine Biotech., Inst., Shizuoka. 


In 1990, Kuroki et al. isolated a novel 
neuropeptide, LSSFVRIamide, from a proso- 
branch mollusc, Fusinus ferrugineus. The 
peptide showed biological activities on 
various molluscan muscles. Furthermore, 
the peptide showed a potent inhibitory 
effect on the body-wall muscle of the 
echiuiroid worm Urechis unicinctus. 
Therefore, peptides related to LSSFVRIa-: 
mide are suspected to be also distributed 
in the worm. 

In present experiments, we attempted to 
isolate LSSFVRIamide-related peptides from 
the ventral nerve cords of U. unicinctus. 
In consequence, we isolated three LSSFVRI- 
amide-related peptides. The structures of 
the peptides were as follows: 

Ala-Ser-Ser-Phe-Val-Arg-Ile-NH9 

Pro—sern—ser—-Phe-Vall Are eles ie 

Val-Ser-Ser-Phe-Val-Arg-Ile-NH9 
All the peptides were found to have -SSFV- 
Rilamide at their C-terminal portions as a 
common structure. Therfore, we designated 
these peptides S-lamide peptides. We also 
isolated some other S-Iamide peptides from 
pulmonate and bivalve mollusc. That is, 
We found that the S-IJamide peptide family 
are distributed in both the Mollusca and 
the Echiura. 


STRUCTURES OF MYOMODULIN-CARP-RELATED 
MOLLUSCAN NEUROPEPTIDES WITH SPECIAL 
REFERENCE TO AN ANODONTA PEPTIDE. 
Y.Fujisawal, T,Ikedal, Y.Muneokal,L.Hiripi2, 
T.Kiss2, I,Kubota3, and W.Miki4. lraculty af 
Integrated Arts and Sci., Hiroshima Univ., 
Hiroshima, 2The Balaton Limnological Inst., 
Tihany, Hungary, 3Suntory Bio-Pharma Tech 
Center, Oura-gun, Gunma and4Marine Biotech., 
Inst., Shimizu, Shizuoka. 

"We isolated myomodulin-CARP-related 
peptides from several molluscs. The 
structures of the peptides were as follows: 


AMPMLRLa (CARP) Mytilus edulis 
ALPMLR Anodonta cygnea 


PMNMLRLa Fusinus ferrugineus 
PMSMLRLa (Myomodulin) i ‘i 
SLGMLRLa Achatina fulica 
GLHMLRLa * 


PMSMLRLa (Myomodulin) Helix pomatia 

GLNMLRLa = cc 

These peptides, except the Anodonta peptide, 
have MLRL-amide at their C-terminal portion 
aS a common structure. The Anodonta peptide 
lacks L-amide at its C-terminus.In the ABRM 
of Mytilus, CARP and myomodulin not only 
relax catch tension but also potentiate 
contraction at lower doses and inhibit 
contraction at higher doses. In contrast, 
the Anodonta peptide shows only inhibitory 
action on the muscle. The studies of 
structure-activity relations of the 
peptides in molluscan muscles are required. 
In relation to the above actions, it may be 
notable that CARP relaxes catch tension of 
the ABRM without increase in cAMP levels. 
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The FMRFamide-related decapeptide of 
Aytilus edulis containing a D-amino acid 
residue. 

Y. Fujisawa‘, K. Nomoto’, Y. Yasuda-Kamatani?”, 


H. Minakata”’, P. Kenny”, I. Kubota®,T. Ikeda‘ and 


Y.Muneoka*. *CIBA-GEIGY International Res. 
Labs.,Takarazuka, *Suntory Institute for 
Bioorganic Res.,Osaka, *Suntory Bio-Pharma 
Tech Center,Gunma and “Fac. Integrated Arts 
and Sci.,Hiroshima Univ.,Hiroshima. 


The FMRFamide-related peptide termed 
Aytiius-FFRFamide has been isolated from 
the anterior byssus retractor muscle (ABRM) 
of Mytilus edulis and suggested to play 
a physiological role as a contraction- 
potentiatng and contractile neuromediator 
in the muscle. The primary structure of 


the peptide has been indicated to be H-Ala- 


Leu-Ala-Gly-Asp-His-Phe-Phe-Arg-Phe-NH2 by 
chemical structural analyses. In the 
present study, we demonstrated that the 
second amino acid residue is not a usual 


type, L-Leu, but its steroisomer, D-Leu, by 


chemical and biological methods. These 
findings provide an new experimental 
evidence that a D-amino acid residue natur- 
ally occurs in physiological neuromediator 
peptides. However, D-Leu*® of AMyti/us-FFRF- 
amide did not appear to be essential to 
expression of its bioactivity; the replace- 
ment of D-Leu? with L-Leu” did not change 
the contraction-potentiating and contrac- 
tile effects of the peptide on the ABRM. 
The residue might contibute to increasing 
the resistance of the peptide against 
endogeneous aminopeptidases. 


COMPARISON BETWEEN BIOLOGICAL ACTIONS OF THE 
STYELA OXYTOCIN-LIKE PEPTIDE (SOP) AND THOSE 

E VERTEBRATE RELATED PEPTIDES. 
M.Iwakiri', T.I[keda? and Y.Muneoka?” ‘Dept. 
Biol., Fukuoka Univ. of Educ., Munakata and 
7Fac. Integrated Arts and Sci., Hiroshima 
Univ., Hiroshima. 

Biological actions of the oxytocin-1like 
peptide isolated from the neural complexes 
of the tunicate, Styela plicata, were 
examined on the baetg walt muscle of Styela, 
the oviduct muscles of Lebistes reticularus 
(guppy), Cynops rrhogaster (newt) and 
Takydromus tac SSS (lizard), and the 
uterus muscle of Rattus norvegicus (rat); 
The actions of the Styela oxytocin-like 
peptide (SOP) were then compared with those 
of isotocin (IT), oxytocin (OT), Arg- 
vasotocin (VT) and Arg-vasopressin (VP). 

SOP showed an excitatory action on the 
Styela muscle, but did not show any action 
on the muscles of other animals. OT and YT 
showed an excitatory action on all of the 
muscles except the Styela muscle. IT showed 
an inhibitory action on the Takydromus 
muscle, whereas it showed an excitatory 
action on the other muscles including the 
Styela muscle. VP showed an excitatory 
action on the muscles of Cynops, Takydromus 
and Rattus, but did not show any action on 
the Styela and Lebistes muscles. The action 
of § on the Styela muscle was depressed by 
OT, and those of IT, OT and VT on the 
vertebrate muscles were depressed by SOP. 
These actions of SOP and the related 
peptides are of pharmacological as well as 
physiological interest. 


LOCALIZATION OF CARDIOREGULATORY NEURO- 
PEPTIDES ISOLATED FROM THE ATRIA OF A 
PULMONATE SNAIL, ACHATINA FULICA. 
M.F.-Sakata, K.Fujimoto and M.Kobayashi. 
Physiol. Lab., Fac. of Integrated Arts and 
Sci., Hiroshima Univ., Hiroshima. 

Several neuropeptides regulating the 

heart beat have been isolated from the 
central nervous system (CNS) and/or the 
heart of Achatina fulica. One of them, 
Achatina cardio excitatory peptide-1 
(ACEP-1) remarkably enhanced the ventricu- 
lar beat, although it had no effects on the 
atrium. FMRFamide also enhanced the beat of 
the ventricle, and furthermore potentiated 
the excitatory responses of the atrium to 
both stimulation of a cardio-excitatory 
neuron and application of serotonin. The 
localization of these peptides in CNS and 
the heart was examined immunohistochemical- 
ly. In the visceral and right parietal 
ganglia, a number of small neurons showed 
FMRFamide-like immunoreactivity. In deep- 
er layers of the ganglia, several identi- 
fiable neurons showed FMRFamide- or ACEP-1- 
like reactivity. The atrium and aortic 
region of the ventricle had both FMRFamide- 
and ACEP-1-like materials. Whole mount 
preparation of the heart demonstrated that 
ACEP-1-immunoreactive nerve fibers ran to 
the atria abundantly, and a few small fi- 
bers entered into the ventricular wall. 
It seems that neuropeptides stored in nerve 
fibers in the atrium are released through 
small nerve fibers to the ventricle, where 
they exhibit their modulatory action. 


CELLULAR PROPERTIES OF STOMATOGASTRIC GANGLION 
NEURONS OF THE MANTIS SHRIMP SQUILLA ORATORIA. 
K.Tazaki. Biol.Lab., Nara Univ. Educ., Nara. 


Cellular properties of the identified neurons in 
the Squilla stomatogastric ganglion (STG) were 
investigated by current injection tests during 
their ongoing rhythm or by stimulation of extrinsic 
nerves. Neurons involved in the posterior cardiac 
plate (pcp)-pyloric cycle were endowed with the 
ability to trigger a slow depolarizing potential 
(termed a plateau potential) by a brief stimulus 
of depolarization and to terminate the potential 
with a brief stimulus of hyperpolarization in a 
threshold-dependent manner. In some cell types, 
the capability to reset the phase of the rhythm of 
plateau potential was examined by applying brief 
stimuli during their ongoing rhythm, to demonstrate 
their endogenous oscillatory properties. 
Enhancement or inhibition of the plateau potential 
of all cell types in the pcp-pyloric system was 
induced by synaptic activation via extrinsic 
nerves. A cell type of neurons discharging single 
spikes tonically in the cardiac cycle did not 
elicit the plateau potential in response to 
directly injected current. A sustained hyperpol- 
arization did not promote burstiness, and only 
decreased the firing rate. During synaptic 
activation via extrinsic nerves, depolarizing 
stimulus did not provoke the plateau potential. It 
is concluded that the Squilla STG contains the two 
types of neurons with cellular properties. One 
possesses endogenous regenerative properties to 
produce plateau potentials, and the other does not 
have such properties. 
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GLUTAMATERGIC MOTONEURONS IN THE STOMATOGASTRIC 
GANGLION OF THE MANTIS SHRIMP SQUILLA ORATORIA. 
C.Chiba and K.Tazaki. Biol.Lab., Nara Univ. Educ., 
Nara. 


Transmitters of motoneurons in the stomato- 
gastric ganglion (STG) of Squilla were identified 
by analyzing the excitatory neuromuscular 
properties of muscles in the posterior cardiac 
plate (pcp) and pyloric regions. Bath and 
jontophoretic applications of glutamate produce 
depolarizations in these muscles. The 
pharmacological experiments elucidate the 
glutamatergic nature of the excitatory junetional : 
potentials (EJPs) evokes in the constrictor and 
dilator muscles. Desensitization of the EJPs 
occurs during bath applicaion of glutamate and 
during the iontophoretic glutamate responses. The 
apparent reversal potentials for the EJP and for 
the iontophoretic glutamate potential are the same. 
Some types of dilator muscle show sensitivity of 
both glutamate and acetylcholine (ACh) exogenously 
applied. The pharmacologial evidence and 
desensitization of the EJP indicate the 
glutamatergic nature of neuromuscular junctions in 
these dually sesitive muscles. Glutamate is a 
candidate as an excitatory neurotransmitter at the 
neuromuscular junctions which the STG motoneurons 
named PCP, PY, PD, LA and VC make with the 
identified muscles. Kainic and quisqualic acids 
which act on glutamate receptors are potent 
excitants of these muscles. Extrajunctional 
receptors to ACh are present in two types of the 
muscle innervated by LA and VC. Neurotransmitters 
used by the STG motoneurons of stomatopods are 
compared to those of decapods. 


WIENER'S WHITE NOISE ANALYSIS OF CERCUS- 
TO-ASCENDING INTERNEURON SYSTEM IN 
CRICKET. 
Y.Baba, Y.Okada, T.Miura, T.Shimizu, 
K.Tsuchida, M.Takahata and T.Shimozawa. 
Section of Sensory Information Processing, 
Research Inst. of Applied Electricity, 
Hokkaido Univ. Sapporo. 
WSs i el ek Bd Pe 2 ee 
The cercus-to-ascending interneuron 
system of the cricket was studied with the 
Wiener's white noise analysis. The cercal 
sensory system was’ stimulated by a 
Gaussian white noise and neural response 
of sensory neuron or giant interneuron 
(GI) was recorded intracellularly. The 
1st and 2nd order kernels were calculated 
from cross-correlation between the white 
noise input and the neural response. The 
ist order kernel is the best linear 
approximation of the impulse response of 
the system and the 2nd order kernel is the 
interaction of two input impulses due to 
non-lineality. The majority of sensory 
neurons have triphasic 1st order kernel 
(latency 1.8+0.9ms, duration 14.24+2.9ms) 
and "nine-eye” 2nd order kernel. The 
sensory neuron is expressed as a band-pass 
filter followed by a half wave rectifier. 
Three types of GIs (8-1,9-2,9-3) have 
triphasic 1st order kernel (latency 
2.1+0.5ms, duration 20.0+2.9ms) and 
"elongated nine eye” 2nd order kernel. 
The GIs smooth out the signals from the 
sensory neurons with long time constants. 


NEURAL ACTIVITIES DURING THANATOSIS IN THE 
CRICKET. 

H. Nishino and M. Sakai. Dept.Biology, Fac. 
Sci., Okayama Univ., Okayama 


Crickets, Gryllus bimaculatus show a 
thanatosis-like rigid posture in the experi- 
mental condition (Katayama and Sakai 1987). 
We have found this posture is maintained by 
the suboesophageal ganglion. To examine 
whether any descending neurons in this 
ganglion are involved in thanatosis, extra- 
cellular recording was made on the ventral 
nerve cord in the neck with a suction elect- 
rode. Most of the neurons ceased to 
discharge during thanatosis but a few 
always discharged at regular spike frequency 
(25 Hz) and continued until the animal woke. 
This was found in decerebrated animals as 
well. Many hindleg motoneurons also showed 
spike depression but some tonic neurons 
began to discharge afterwards and gradually 
increased their frequency toward wakening. 
Ascending large interneurons including 
cercal giants stopped discharging and 
hardly responded to a sound stimulus (500HZ) 
to cerci. These tendencies of the three 
different neurons were more pronounced under 
deeper thanantosis in the extremely flexed 
posture. These results suggest that some 
suboesophageal ganglion neurons may exert 
inhibition On many motoneurons which 
maintain thanatosis and at the same time 
inhibit the phasic type of ascending 
interneuons. 


STRUCTURE AND FUNCTION OF THE ABDOMINAL 
STRETCH RECEPTORS IN CRICKETS. 

T. Sugawara, Dept. of Biol., Saitama Med. 
Sch., Saitama. 


A stretch receptor neurone was located 
in each side of the abdominal tergum of 
crickets, Teleogryllus commodus and Acheta 
domesticus. It is associated with the 
uppermost band of the second dorsal 
longitudinal muscle. However, no special 
receptor muscle fiber was identified. 

The cell body lies along the lower 
Side of the flat muscle band. The main 
dendrite penetrates obliquely into the 
basement membrane in the vertical middle 
of the muscle band, towards the posterior 
edge of the tergum. The distal part of 
the main dendrite runs perpendicularly to 
the muscle fiber, namely, parallel to the 
edge of the tergum. Fine branches of the 
dendrite are sent parallel to the muscle 
fibers; they are gradually desheathed and 
terminate in the basement membrane. 

The stretch of this muscle band evoked 
the afferent impulses in the receptor 
neurone. The response to the stretch was 
highly tonic; the adaptation of impulse 
dischage occurred little during the 
sustained stretch for at least 10 min. 
Such stable impulse frequency increased in 
proportion to stretch length. Apparently 
these receptor neurones make information 
about the extension of the abdomen. 
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INNERVATION OF DUM NEURONS ON THE LAST 
ABDOMINAL GANGLION AND CONTRACTION OF 
THEIR TARGET MUSCLES IN FEMALE CRICKET, 
TELEOGRYLLUS COMMODUS. 

K. Yamashita and N.Ai. Dept.of Biol., 
Tokyo Gakugei Univ., Koganei, Tokyo. 


In adult female cricket, five clusters 
of DUM neuron are oriented on the dorsal 
surface of the last abdominal ganglion. 
There are five neurons in the fifth 
cluster of the ganglion. It is revealed 
that these neurons innervate severally 
to the targal muscle (M4), the inter- 
valvular muscle (M5,6), the targosternal 
muscle (M7) and the common oviduct by 
using intracellular staining from the 
different cut end of periphery in the 
seventh nerve root (N7) of the ganglion. 

Induced action potential is recorded 
from these muscles by electric stimuli. 
As a result, M4 muscle is yielded with 
fast-phasic contraction, M5 with slow- 
tonic contraction and M7 with intermedi- 
ate pattern respectively. Therefore, it 
has been suggested that number of DUM 
neurons which innervate to their target 
muscle have relation with the tonus in 
the muscle contraction. 

On treatment of octopamine (OCT) 10°°M 
to M5, tension is clearly increased .It 
seems to be that DUM neurons (presumed 
to be octopaminergic) are concerned in 
neurosecretion which decides the action 
pattern of the muscle. 

Intracellularly activity of DUM neurons 
is recorded. There are coordinated spike 
potential simultaneous by recorded be- 
tween two DUM cells. 


MECHANISM OF ADJUSTMENT AND CONTROL ON 
MOTOR CENTER OF OVIPOSITOR TERGAL MUSCLE 
IN FEMALE CRICKET, TELEOGRYLLUS COMMODUS. 
-SPACIAL DISTRIBUTION OF MOTONEURONS FOR 
OVIPOSITOR RETRACTOR MUSCLE-. 

K,Na and N,Ai. Dept. of Biol., Tokyo 
Gakugei Univ., Koganei Tokyo. 


In adult female cricket, motor nerve 
from the 5th abdominal ganglion (AG-V ) 
are projecting to tergal muscle Ml, M2 and 
M4 which are concerned in rub-striking of 
ovipositor when egg-laying. 

Orientation and distribution of motor 
neurons are revealed by using back-fill 
method from the different peripheral cut 
end of the 3rd lateral root (N3), 5th 
lateral root (N5) and 7th lateral root(N7) 
of AG-V. Their location and processes in 
space of the terminal ganglion are showed 
as montage of stained neurons. 

From a result of motor innervation in 
tergal muscle Ml, M2 and M4, it is found 
that there are large superposition between 
M2 and M4, but partly between Ml and M2, 
and their cell somata are located all on 
the dorso-contralateral surface of AG-V 

All of result would be suggested that 
the motor neurons which innervate to M2, 
M4 accept simultaneously an information 
from sensory input and interneurons. 


LOCAL SPIKING INTERNEURONS RELATING TO 
RHYTHMIC MOVEMENTS OF THE OVIPOSITOR 
VALVES IN FEMALE CRICKETS. 

H. Ogawa and T. Yamaguchi. Dept of Biol., Fac. of 
Sci., Okayama Univ. Okayama 

In adult female crickets (Grylius bimaculatus), 
rhythmic movements of ovipositor valves are 
produced by contractions of a set of ovipositor 
muscles to mediate egg laying behavior. The 
analysis of electrical activities of these 
muscles showed the sequential changes in the 
temporal pattern of motor activity which 
corresponded to shift in the behavioral steps ( 
penetration of the ovipositor into a substrate, 
deposition of eggs and withdrawal of the 
Ovipositor from the substrate). Five types of 
local spiking interneurons relating to the 
rhythmic activity of the ovipositor muscles 
have been found in the terminal abdominal 
ganglion. These interneurons fell into two main 
classes: the one class was the interneuron of 
which the spontaneous bursting activity or the 
depolarization induced by current injection 
induced the rhythmic’ contractions’ of 
Ovipositor muscles, and the other was the 
interneuron of which the rhythmic modulation 
of membrane potential and the spontaneous 
rhythmical bursting activity occurred in phase 
with the oviposition motor rhythm. 


SOME EFFECTS OF OCTOPAMINE AND 
PROCTOLIN ON DUM NEURONS IN THE 
COCKROACH THORACIC GANGLIA. 

H. Washio. Lab. Neurophysiol. Mitsubishi Kasei 
Inst. Life Sci. Tokyo. 


Effects of neuromodulators, octopamine 
(OA) and proctolin (PR), known to be present 
in the cockroach central nervous system, on 
the excitability of dorsal unpaired median 
(DUM) neurons in the thoracic ganglia of the 
cockroach, Peliplaneta americana were 
investigated using intracellular recording 
technique. OA could cause the action potential 
frequency to increase in DUM neurons. The 
threshold was about 10-8 M (bath 
concentration) and the increase in the 
frequency was concentration dependent. The 
increase in the frequency was accompanied by 
the increase in the membrane input resistance. 
Therefore, it might be possible that 
octopamine alters the intrinsic properties of 
DUM neurons, resulting in the modulation of 
neural network that generate behaviours. On 
the other hand, proctolin caused a slight 
increase in the frequency followed by a gradual 
return to the original. No appreciable change 
in the membrane input resistance was 
observed. Neither octopamine nor proctolin 
caused any appreciable changes in the resting 
membrane potential. 
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FLIGHT AND WALKING INDUCED BY 
INTRACELLULAR STIMULATION OF _ GIANT 
INTERNEURONS IN THE CRICKET (GRYLLUS 
BIMACULATUS) . 

K. Hirota, Y. Baba and T. Yamaguchi. Dept, of Biol., 
Fac. of Sci., Okayama Univ. Okayama 


The axons of eight wind-sensitive giant 
interneurons (Gls) run in two recognizable 
groups through the nerve cord from the terminal 
abdominal ganglion to the deutocerebrum of the 
brain. The axonal arbors of the dorsal group (9-2, 
9-3, 10-2, 10-3) show that they project into the 
medial and lateral regions of thoracic ganglia. 
The ventral group (7-1, MGI, LGI, 9-1b) has 
axonal arbors that project exclusively into the 
medial region of thoracic ganglia. The injection 
of depolarizing current into each GI of the dorsal 
group evokes not only the flight (arrangement of 
the limbs into flight posture and wingbeating) in 
the tethered animal which is suspended in the 
air but also the walking behavior (stepping 
movements of limbs) in the tethered animal of 
which the tarsi contact with a substratum. 
However, the injection of the same current into 
each GI of the ventral group never evokes any 
behavior, regardless of the situation of animal. 
These findings indicate that separate pathways 
of axons of Gls reflect their functional 
separation. 


SELF-GENERATED ZIG-ZAGGING BEHAVIOR OF THE 
MALE MOTH BOMBYX MORT BY THE SEXUAL 
PHEROMONES: I. BEHAVIORAL ANALYSIS. 
R.Kanzaki, N.Sugi and T.Shibuya. Inst. of 
Biol. Sci. Univ. of Tsukuba, Tsukuba. 

Male moths Bombyx mori respond to the 
sexual pheromone released by conspecific 
females with a characteristic walking with 
wing vibrations called a "mating dance". We 
have analyzed movements of free walking 
males and of their wing vibrations in a 
laboratory wind tunnel using a continuous 
pulsed stimulation of various frequencies 
with pheromones. 

Males showed a continuous zig-zagging 
walking to the odor source with a short 
single pulsed stimulation (100ms) or a low 
frequency (<0.5 Hz, duration: 100ms) of 
stimulation. The tempo and total angles of 
each turn were increased turn by turn. 
When the following stimulation was applied 
to the antenna, the values of these 
parameters were decreased and again the 
values were increased turn by turn. It was 
repeated as long as the pulsed stimulation 
lasted. Wing vibrations were also analyzed 
with a high speed video system (1000 
frames/s). Changes in phase of wing 
remotion to wing depression were related to 
these zig-zagging turns. 

Our results suggest that Bombyx males 
have (1) a self-generated turning program 
triggered by a pulsed pheromonal 
stimulation and (2) the program is “reset” 
every time the stimulation is applied. 


SELF-GENERATED ZIG-ZAGGING BEHAVIOR OF THE 
MALE MOTH BOMBYX MORI BY THE SEXUAL 
PHEROMONES : Il. ACTIVITIES OF FLIGHT 
MUSCLES AND MOTOR NEURONES. 

N.Sugi, R.Kanzaki and T.Shibuya, Inst. of 
Biol. Sci., Univ. of Tsukuba, Tsukuba. 

Male moths Bombyx mori showed a zig- 
zagging movement with pulsed pheromonal 
stimulations. Our result suggest that they 
have self-generated turning program and its 
reset mechanisms. 

We found in Bombyx males that wings on 
the outside of the turn were remoted at the 
bottom of the stroke and wings on the 
inside of the turn were remoted at the top 
of the stroke. We have recorded motor 
activity patterns elicited by pheromones 
from the wing depressor muscles (DLM) and 
steering (wing remote) muscles (3AXM) 
during tethered flight and from their motor 
neurones (IIN1b, IIN6) during fictive 
flight. Steering muscles were activated at 
the same phase with depressor muscles by 
visual stimulation which induced inside 
turn, while out of phase relationship was 
elicited by the stimulation which induced 
outside turn. Single pulsed stimulation 
with pheromones (100ms) also elicited 
regular changes in the phase relationship 
between these two muscles, which were 
consistent with the self-generated turning. 
Similar phase relationships were observed 
between depressor motor neurons and 
steering motor neurons in deafferented 
preparation. 


CENTRAL MECHANISMS OF CARDIAC INHIBITION 
OF THE ISOPOD BATHYNOMUS DOEDERLEINI. 
K.Tanakal and K.Kuwasawa2. IDept. of Biol., 
Kyorin Univ. Sch. Med., Tokyo, and 2Dept. 
of Biol., Tokyo Metropolitan Univ., Tokyo. 


a EE Sl 

In Bathynomus, cardiac inhibition is 
caused by activation of cardio-inhibitory 
(CI) axons and inhibition of cardio- 
acceleratory (CAl and CA2) axons. We 
performed recording of the intracellular 
potential from cell bodies of CAl and CA2 
neurons which have been already identified 
in, respectively, the 2nd and 3rd thoracic 
ganglia (TG2 and TG3) and from the cell 
body of CI neuron which identified in the 
lst thoracic ganglion (TGl). One axon 
arising from the CI neuron cell body runs 
to the other side of TGl via the commisure 
and crosses over the contralateral hemi- 
ganglion to run into the 4th root. Some 
fine processes arise from the axon in TGl. 

Tactile stimulation of spines in the 
walking leg evoked only EPSPs on CI 
neurons, while the stimuli evoked only 
IPSPs on CA neurons. In preparations 
composed of TG2 and TG3 (lacking TGl), the 
stimuli to the spine and electrical stimuli 
to nerves of TG2 and TG3 did not induce 
IPSPs on the CA neurons. 

The results show that the cardiac 
inhibition induced by activation of tactile 
receptors is mediated by the excitatory 
pathways to CI neurons and the inhibitory 
ones to both CAl and CA2 neurons, and that 
TGl is an essential ganglion in the tactile 
receptor induced-cardiac inhibition. 
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NEURALLY INDUCED ANTIDROMIC PERISTALSIS 
OF THE HEART IN THE SILKWORM BOMBYX MORI. 
H.Ai and K.Kuwasawa Dept. of Biol., 

Tokyo Metropolitan Univ., Tokyo. 


The dorsal vessel in an abdominal 
region of the silkworm functions as the 
heart. The blood flows in a direction 
from the tail to the head after entering 
the heart through segmentally situated 
ostia. 

We established a physiological saline 
for the silkworm, which was able to 
maintain long term regular heartbeat. 

Its ionic composition is as follows (mM); 
mece 20.0, KCl 24.0, CaClo 9.0, MgClo 
18.0, NaH2PO04 1.5, Naz2HPO4 1.5, Sucrose 
193.0. In response to tactile stimuli 

to the body wall at the 8th to 10th 
abdominal segments, cardiac inhibition 
occurred. Tactile stimuli to the antenna, 
however, caused tachycardia. In the fifth 
instar larvae within 10 days after the 
last molt, the heart showed only 
orthodromic peristalsis, but in those 

at 11 to 13 days after the molt, the heart 
showed not only orthodromic but also 
antidromic peristalsis. We found that 
antidromic peristalsis was induced by 
electrical stimulation of the anterior 
branch of an unpaired extrinsic cardiac 
nerve arising from the frontal ganglion. 
Results of back-filling of Ni2+ into the 
branch suggest that the branch is composed 
of, at least, three axons and that their 


somata are located in the frontal ganglion. 


PROPERTIES OF MYOGENIC ACTIVITY IN THE 
HEART OF JUVENILE LIGIA EXOTICA (CRUSTACEA, 
ISOPODA). 

H. Yamagishi and Y. Terano Inst. of Biol. 
Sci. Univ. of Tsukuba, Tsukuba. 

e heart beat o uvenile Ligia changes 
from myogenic to neurogenic two to three 
weéks after hatching. We examined myogenic 
activity in juvenile hearts. The heart 
muscle has diffuse myogenic nature and 
spontaneous activity was recorded from a 
small part isolated from any portion of the 
heart. No definite sites of the heart which 
act as a pacemaker were found. The muscle 
cells fire almost simultaneously through 
electrical connections among the cells. 
Regardless of sites, injection of short 
depolarizing current into the heart muscle 
could evoke action potentials of the muscle 
cells and reset the heart rhythm. 
Injection of long depolarizing or 
hyperpolarizing current resulted in 
increase or decrease in frequency of the 
heart beat. Each heart beat occurs in 
response to an action potential of the 
heart muscle composed of a slow 
depolarizing potential and overshooting 
spike potentials superimposed on it. The 
spike potentials were blocked by 
application of TTX and vanished in Na-free 
solution. No effects of TTX were found on 
spontaneous slow depolarizing potentials. 
Short depolarizing current could evoke a 
Slow potential and reset the rhythm of slow 
potentials. Frequency of the slow potential 
increased or decreased by depolarizing or 
hyperpolarizing the heart muscle. 


FURTHER EVIDENCE FOR AXOTOMY INDUCED LONG- 
LASTING FIRING IN AN IDENTIFIED ANAL 
MOTONEURON OF THE CRAYFISH. 
A.Muramoto. Fukushima Biomed. Inst. of 
Environm. & Neopl. Dis., Fukushima-ken. 
Previously I showed that axotomy can 
induce a long-lasting discharae activity 
(AD) in an identifiable anal motoneuron 
(AML) of the crayfish. Further evidence 
for the AD and possible mechanism of its 
production was investigated in this study. 
When AML was axotomized by transection of 
the abdominal nerve cord, as the length of 
the transected cords becomes longer, the 
duration of AD tends to be longer, while 
the frequency during the first minute of 
the AD tends to be higher. Delay between 
transection and the beginning of an AD was 
roughly comparable to the conduction velo- 
city of the peripheral AML axon. Ligature 
of the cord failed to induce the AD and 
AML firing immediately stops by the liga- 
ture of the distal cut end during an AD. 
When the cord was exposed to Cdt-free 
saline containing EDTA (5 mM) or Ca /Mq**- 
free saline containing EDTA (1 mM), the AD 
was reversibly abolished within 10 min, 
but it was not abolished when exposed for 
90 min to Ca&*-free saline containing EGTA 
(5 mM) or Ca&*-free saline containing EDTA 
(1 mM). These results suggest that the AD 
is produced by some acute changes of the 
cut end of the AML itself, of which pro- 
wonatoe mechanism may be associated with 
M 


NEURAL PACT VALLON OF (DAE) TONIGYELEXOR 
MUSCLE OF LOBSTER ABDOMEN WITH A DECREASE 
IN BODY TEMPERATURE. 

M. Tani, T. Kuramoto. Shimoda Marine Res. 
Ctr. Tsukuba Univ. Shimoda, Shizuoka 415. 


Several neurons in each of the abdominal 
ganglia of lobsters fire with cooling. To 
investigate motor functions of these neu 
rons, the abdominal ganglion and tonic 
flexor muscles in the 3rd segment were iso- 
lated from Homarus americanus or Panulirus 
japonicus. The specimen was perfused with 
either the normal(15+1°C) or cooled saline 
(9-14°C). Nerve impulses of the 3rd root 
innervating the flexor muscle were recorded 
with suction electrodes. The membrane 
potential and tension of the muscle were 
measured with glass microelectrodes and a 
strain gauge, respectively. The muscle 
tension increased with a decrease in tem- 
perature. Some neurons activated by cool- 
ing produced excitatory junction potentials 
(EJPs) in the muscle. Summation and facil- 
litation of EJPs depolarized the muscle in 
a small extent because of the low firing 
race’ (3-4 HZ), ALthoUugh ‘a small direct 
effect of cooling on the muscle was seen, 
the muscle appeared to be further depo- 
larized slowly by a few neurons which did 
not produce EJPs clearly. Cutting of the 
3rd root caused a great decrease in the 
muscle depolarization induced by cooling, 
Therefore, the large increase in depolari- 
zation and tension of the muscle may attri- 
bute the neurohormonal action in periphery. 
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INNERVATION OF UROPOD MUSCLES IN CRAYFISH. 
T. Higuchi, Dept. Gen. Edu., Higashi-Nippon- 
Gakuen Univ., Ishikari-Tobetsu, Hokkaido. 


Detailed innervation of crayfish uropod 
muscles, whose motor neurones travelled in 
either the 2nd or the 3rd root of the 6th 
abdominal ganglion, was investigated histo- 
logically and electrophysiologically. The 
muscles investigated have their origins or 
insertions on the protopodite, and form al- 
most all of the uropod musculature. Electro- 
physiologically, the motor neurone pathway 
from the ganglion to the muscle was ascer- 
tained by recordings and stimulations along 
the probable pathway while monitoring the 
muscle activity. Histological studies of 
methylene blue staining were performed con- 
currently. Motor neurones innervating a cer- 
tain muscle, whether it was phasic or tonic, 
didnot necessarily travel in the same root. 
Several muscles were innervated by motor 
neurones through different individual roots. 
The most characteristic featurewas that all 
of the inhibitory motor neurones were in the 
3rd root. The 2nd root contained only excit- 
atory motor neurones. The 3rd root, on the 
other hand, contained both the excitatory 
and inhibitory neurones. There were three 
crossing points of motor neurones from one 
root to the other. These crossings lead toa 
complex innervation in several muscles. In 
addition, the presence of a common exciter 
and also acommon inhibitor was revealed. It 
seems that there is no functional regularity 
in the innervation pattern. 


REACTIVITY OF NONSPIKING GIANT INTERNEURONS 
TO LEG MOVEMENTS IN THE CRAYFISH. 

H. Furudate, Y. Okada and T. Yamaguchi. Dept. of 
Biol., Fac. of Sci.,Okayama Univ., Okayama 


In the protocerebrum of the crayfish, there are 
five pairs of the nonspiking giant interneurons 
(NGIs) which respond with graded potentials to 
the visual and statocyst stimulation (Yamaguchi 
and Okada, 1990). These NGlIs responded with 
hyper- and depolarizing graded potentials to 
upward and downward movements of the 
ipsilateral legs. The relationship between the 
polarity of response and the direction of 
movement in the contralateral legs was just 
Opposite to that in the ipsilateral legs. The 
simultaneous movements of the ipsilateral and 
contralateral legs to the opposite directions 
each other were synergically effective in evoking 
the responses of NGls. The NGIs responded with 
larger amplitude to leg movements in darkness 
than in the presence of a light source, and also in 
bilaterally statocystectomized animals than in 
intact animals. These results indicate that the 
NGls integrate the leg proprioceptive input as 
well as the visual and statocyst inputs to play an 
important role as premotor neurons in the 
control system of compensatory eye movement. 


SENSORY PROCESSING OF CRAYFISH 
NONSPIKING LOCAL INTERNEURONES IN 
RESPONSE TO MECHANICAL STIMULATION 
OF TAILFAN 


T.NAGAYAMA and M.HISADA , Zool. Inst., Fac. of 
Sci., Hokkaido Univ., Sapporo. 


a a i a nr ee 


When a crayfish is in a stationally resting position, 
mechanical stimulation of the tailfan elicits a dart"-like" 
avoidance reaction. The movement of uropod is mainly 
mediated by nonspiking local interneurones in the terminal 
abdominal ganglion. In this study, we focused on the 
synaptic connection of the mechanosensory afferents to the 
nonspiking local interneurones using single hair stimulation 
of the tailfan. 

Some nonspiking local interneurones received 
excitatory input directly from afferents. Afferent spikes 
consistently evoked excitatory postsynaptic potentials 
(e.p.s.p.s) in interneurones with a central synaptic latency of 
1.0 - 1.3 msec. The latency of e.p.s.p.s in other nonspiking 
local interneurones was, however, too long to be estimated 
as a direct connection (more than 3 msec). This delayed 
depolarizing potential. was mediated by intersegmental, 
ascending interneurones. An inhibitory input to nonspiking 
local interneurones was not formed by any direct afferent 
connections, instead by spiking local interneurones that also 
receive direct excitatory inputs from the afferents. 


MODIFICATION OF UROPOD AVOIDANCE REFLEX 
DURING ABDOMINAL EXTENSION AND CRAYFISH 
LOCAL NONSPIKING INTERNEURONS 

H.Namba, T.Nagayama and M.Hisada 

Zool. Inst., Fac. of Sci, Hokkaido Univ. Sapporo. 

Animal behavior to a certain stimulus is modified by 
animal's ongoing activity or posture. In the resting 
state, crayfish shows an avoidance reflex to 
mechanical stimulation of tailfan. While the animal 
shows a defensive posture with strong extension of the 
abdomen, the same stimulus does not elicit any obvious 
movement of the uropod. Thus the status of the 
abdomen is most crucial element for the performance 
of the avoidance reflex. 

The parallel and opposing pathways via two groups of 
nonspiking local interneurons (e.g. AL and PL groups) 
are essential to perform uropod avoidance reflex. We 
evoked the artificial abdominal extension by 
stimulating the descending interneurons electrically 
and studied intracellularly the modulatory role of 
nonspiking interneurons (LNSNs) on the avoidance 
reflex during ongoing abdominal extension. Majority 
of LNSNs_ receive inputs from the descending 
interneurons. However, the sign of descending inputs 
is trequently reversed from that of sensory inputs. 
Both the PL and AL LNSNs, which make inverting 
connection to the closer motoneuron mainly received 
excitatory input from the descending interneurons. 
Noninverting AL LNSNs mainly received excitatory 
input, whereas noninverting PL LNSNs_ received 
inhibitory one. This finding suggests that the uropod 
motor pattern in response to sensory. stimulation 
should be modified strongly by these ongoing 
descending inputs and LNSNs are essential for the 
avoidance reflex by summing both the descending and 
sensory inputs. 
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DIRECT EXCITATION OF INTERSEGMENTAL 
ASCENDING INTERNEURONES IN CRAYFISH 
IN RESPONSE TO MECHANICAL 
STIMULATION OF TAILFAN 

M. SATO !, T.NAGAYAMA 2 and M.HISADA 2, ! 


Biology, Rakuno Gakuen Univ., Ebetsu, Hokkaido, 2 Zool. 
Inst., Fac. of Sci., Hokkaido Uniy., Sapporo. 


Crayfish intersegmental, ascending interneurones 
function not only as sensory interneurones but also as pre- 
motor interneurones involved in local circuit for avoidance 
reflex. Synaptic connection to and from the ascending 
interneurones in the terminal abdominal ganglion is 
investigated with simultaneous intracellular recording as well 
as single hair stimulation of the tailfan. 

Many ascending interneurones received excitatory 
input directly from the afferents through chemically- 
mediated synapses. A single ascending interneurone received 
convergent excitatory inputs from several afferents and a 
single afferent made divergent excitatory connections to 
several ascending interneurones. These ascending 
interneurones, in tum, made excitatory output connections 
with specific nonspiking local interneurones that did not 
receive any direct inputs from the afferents. EPSPs in 
nonspiking local interneurones followed spikes in the 
ascending interneurones with short and consistent latencies 
of less than 1.0 msec. Delayed excitatory inputs of afferents 
to nonspiking interneurones were, therefore, mediated by 
these ascending interneurones. 


COMPUTER-SIMULATED SYNAPTIC ACTIVITY IN 
CRAYFISH NONSPIKING INTERNEURONS 

M. Takahata and S. Shimizu. Sect. of Sensory Information 
Processing, Res. Inst. of Applied Electricity, Hokkaido Univ., 


Sapporo. 


The synaptic activity of crayfish nonspiking interneu- 
rons was simulated on the multicompartment models based 
on their physiological and morphological properties to study 
how the postsynaptic potentials (PSPs) were processed 
during their passive spread over the dendrites. 

In an identified LDS nonspiking interneuron which has 
bilaterally separate input and output branches, PSPs evoked 
at a certain branch on the input side spread through a thick 
bridge structure to all over the contralateral output branches 
with more than 20% of the original peak amplitude preserved. 
The membrane time constant measured at the bridge struc- 
ture is <10msec, significantly shorter than premotor nonspik- 
ing interneurons (20-40msec). The electrotonic structure of 
LDS, together with its relatively short membrane time con- 
Stant, seems to assure that PSPs evoked on the input side 
can effectively control the activity of output synapses on the 
opposite side. In the premotor nonspiking interneurons which 
have input and output synapses intermingled on their exten- 
sive fine branches, the PSP is attenuated significantly as it 
spreads over the dendrites. Due to the long membrane time 
constant, the PSP is not only attenuated but also smoothed 
so that a train of discrete PSPs are converted to a continuous 
membrane potential change at an output synapse which is 
electrotonically distant from the input synapse. 

It thus seems that sensory and premotor nonspiking 
interneurons have different electrotonic structures according 
to their different functions in synaptic integration. 


MOTONEURON EXCITATION EXAMINED WITH SINE 
WAVE CURRENT, INJECTION. 
- Takahashi, M.Hisada! and M.Takahata~ 
Zool. Inst., Fac. of Sci., Univ. Hokkaido, 
Sapporo and “Inst. Appl. Electr., Univ. 
Hokkaido., Sapporo. 

Motoneurons having extensive dendritic 
branches may function as an integrative 
element in the central nervous system of 
the invertebrates. 

Sinusoidally modulated current (0.5 to 64 
Hz in step of power of 2) was injected into 
the dendrite of the MN in the 6th ganglion 
of crayfish. The axonal spikes were 
recorded and registered as post stimulus 
histograms. The number of spikes and the 
mean time of spike trains appearing at each 
one cycle of sine waves was estimated. 
Fluorescent dye (Lucifer Yellow CH) was 
then injected and the penetration site was 
defined in situ. 

The number of spikes in slow MNs and few 
fast MNs were approximately in proportion 
to the wave length id est integral of 
depolarizing current. When the current was 
injected distant from the spike initiating 
site, MNs had the spike number decreased in 
higher frequency (8 Hz). The delay was 
decreased in linear proportion to the wave 
length. The rest of fast MNs showed 
relative decrease in number of spikes in 
low frequencies (long wave length) and 
decrease in delay in geometrical proportion 
to wave length. 


THE TERMINAL NERVE-GNRH CELLS HAVE 


MORPHOLOGICAL AND PHYSIOLOGICAL 
CHARACTERISTICS RELEVANT FOR A 
NEUROMODULATOR. 


YeOkKs -LOOk. UnSst., rae. “Or Sel. , Unive of 
Tokyo, Tokyo 

The terminal nerve (TN) cells are a 
major component of the GnRH system, and 
the TN-GnRH system is structurally 
independent from the preoptic/hypophysial- 
GnRH system which facilitates gonadotropin 
release from the pituitary. We have 
hypothesized that GnRH may function as an 


important neuromodulator. I used an in 
vitro whole brain preparation of a_ small 
fish and examined the spontaneous 
electrical activity of TN cells by 
intracellular recording and the 


morphology of individual cells by intra- 
cellular injections of either Neurobiotin 
or biocytin. Some intracellularly labeled 
cells were simultaneously reacted for GnRH 
immunocytochemistry using Texas Red and 
FITC as fluorescent markers. The results 
suggested the following hypothesis’ that 


the intrinsic membrane properties of 
modulator neurons change according to the 
animal's physiological conditions, and 


these modulator neurons in turn modulate 
neuronal excitabilities in a wide variety 
of brain regions simultaneously via 
multiple axon branches. Thus, the 
electrophysiological and morphological 
characteristics of TN-GnRH cells seem to 
be relevant for their possible role as a 
neuromodulator. 
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ENVIRONMENT EFFECTS ON STRUCTURE OF 
SYNAPSES. 

M. Ichikawa. Dept. of Anat. & Embryol., Tokyo 
Metropolitan Inst. for Neurosci., Fuchu, Tokyo. 


Differential rearing effects on synaptic 
morphology and neuronal size were examined in 
the medial amygdaloid nucleus (MAN) of adult 
rats. Forty-day old male rats were housed 
individually (isolated condition-IC), with 4 males 
per cage (homosexual condition-HC), or with 2 
males and 2 females per cage (social condition 
SC). After 2 months, the animals were prepared for 
light and electron microscopy. Although there was 
no statistically significant difference in number of 
synapse per unit area in MAN, the number of 
perforated (P) synapses, which are characterized 
by discontinuities in the postsynaptic thickening, 
were significantly greater in the HC and the SC 
than in the IC. The length of postsynaptic 
thickening of P synapses was also longer in the 
HC and the SC compared to the IC whereas the 
length of non-perforated synapses was only longer 
in SC. Soma area was also larger in SC compared 
with the IC. These results suggest that different 
environmental conditions can induced the 
morphological changes in both synapses and 
neurons in MAN of adult rats. 


LONG TERM POTENTIATION IN THE HIPPOCAMPUS 
OF AGED RAT. 

S.Nomoto! and y.Sekino?. !Dept. of CNS, 
Tokyo Metropol. Inst. Gerontol. and 2Dept. 
of Physiol., Tokyo Women's Medical College, 
Tokyo. 


Bliss and Lg@mo (1973) found long term 
potentiation (LTP) in the rabbit hippocam- 
pus. Since then, the LTP has been consid- 
ered to be a fundamental process of memory 
formation. Abilities of learning and memory 
decline with aging in humans and animals. 
There have been many authors reported neu- 
roanatomical changes in the hippocampus of 
aged rat. These led us to examine whether 
the LTP was altered in the aged rat. 

We used six aged (29-35 months) and 
seven young (2-8 months) male Fischer 
(F344/DuCrj) rats. We recorded the LTP in 
the dentate gyrus induced by stimulation of 
the perforant path in anesthetized animals. 
We also registered the LTP in CAl induced 
by stimulation of Schaffer collateral path 
in hippocampal slices. 

No significant difference in the LTP was 
found between the young and aged rats as 
far as changes in the amplitude of popula- 
tion spike and in the slope of EPSP were 
concerned. These findings suggest that un- 
known compensatory mechanisms are involved 
in induction of the LTP in aged rats. 


CHANGE OF DOPAMINE AND SEROTONIN CONTENTS 
IN THE SUPRAESOPHAGEAL GANGLION AFTER 
FEEDING IN THE BLOWFLY, PHORMIA REGINA.M, 
A.Shiraishi! and T.Yamamoto2. TDep. 
Biol., Fac. Sci., Kyushu Univ. Fukuoka, 


2Chikushi junior womens college, Dazaifu,~ 
5 wl of 1 M sucrose was given to 6 day 


old blowflies which were raised on 0.1 M 
sucrose for 5 days and starved for 24 
hours. A supraesophageal ganglion was 
dissected out from the head. The ganglion 
was homogenized with 40 «l of formic acid 
buffer solution and starred for 30 min. at 
Onser Homogenate was centrifuged with 
15000 rpm for 30 min. at O °C and super- 
natant was filtrated with 15000 rpm for 5 
Min. at 0 °C. 20) xl of Soluble tanace nan 
was injected to HPLC-ECD. 

At immediate period after feeding 
dopamine(DA) and serotonin(5-HT) contents 
in the supraesophageal ganglion were the 
same as those of 24 hours starved fly 
(control). At 30 min. period after feeding 
DA and 5-HT contents in the ganglion were 
extremely decreased. Decreases of DA and 
5-HT at 30 min. period were recovered 
within 3 hours. These results were 
presumed to show that neurons which 
contained neurotransmitter of DA or 5-HT 
might regulate feeding in the blowfly. 


TWO FUNCTIONALLY DIFFERENT SUGAR RECEPTOR 
PROTEINS FOUND IN THE LABELLUM OF THE 
BLOWFLY, , PHORMIA REGINA. 


M. Ozakit, qT, Amakawa“~, K. Ozakil and F. 
Tokunaga. Dept. of Biol., Fac. of Sci., 
Osaka Univ., Osaka. Dept. of Biol., Col. 


of Gen. Educ., Kobe Univ., Kobe. 

Fly has 4 functionally differentiated 
taste cells, and one of them responds to 
sugars. Shimada et al. previously showed 
an electrophysiological evidence to show 
that the sugar receptor cell has at least 
two different types of receptor site, 
i.e., the pyranose and the furanose sites. 

The authors electrophysiologically 
found that starch and levan inhibitorily 
bind the pyranose and the furanose sites, 
competing the stimulus sugars for the 
respective sites. In order to isolate the 
receptor proteins for these sites, we made 
a native polyacrylamide gel containing 
starch or llevan. Since both starch and 
levan are large molecules without electric 
charges, they were immobile in the gel. 
The putative sugar receptor proteins in 
the labellar extract interacted with the 
inmobile polysaccharides in the gel. 

Thus, we could separate the proteins which 
retarded in the migration speeds during 
the electrophoresis. From the retardition 
in the migration speeds, we could evaluate 
the interactions of the proteins with 

the inhibitory polysaccharides or stimulus 
sugars and found well consistencies with 
the electrophysiological data. 
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AMINO ACID-INDUCED RESPONSES OF BULLFROG 
TASTE CELLS. 

T.Miyamoto y Y.Okada!, T.Sato', Y. Yamada | ? 
J.G.Brand and J.H.Teeter”“. Dept. 
Physiol., Nagasaki Sway. Seu. DEN. , 
Nagasaki, and “Monell Chem. Senses CTR, 
USA. 


We investigated amino acid-induced 
response of taste cells using conventional 
microelectrode and patch clamp techniques. 
Threonine (Thr) was mainly employed as 
stimulus amino acid. Responses elicited by 
100 mM Thr were remarkably affected by 
cation concentrations in stimulus solution 
as reported in the neural response. Polar- 
ity of receptor potentials evoked by 100 
mM Thr dissolved in 100 mM NaCl solution 
reversed around at +25 mV, and the mem- 
brane resistances decreased during stimu- 
lation. In whole cell configuration, 
reversal potentials of current and voltage 
responses induced by bath-application of 
100 mM Thr in normal saline solution 
ranged from 0 to +25 mV, and permeability 
ratio of Na* to K* was estimated at 3.0. 
100 mM Thr applied to the bath also sup- 
pressed voltage-gated outward currents, 
Suggesting that Thr activates cation 
channels and inhibits K* channels. 
Similar result was obtained from experi- 
ments where 100 mM Thr was’ locally 
applied to the receptive membrane by 
pipette perfusion method. 


TASTE PREFERENCES IN MUTANT DIABETIC MICE. 
S. Kusumegi and S. Yamashita. Dept. of 
Biol., Coll. of Lib. Arts, Kagoshima 
Univ., Kagoshima. 


Taste preferences of genetically diabetic 
C57Bl1/KsJ(db/db), control non-diabetic 
misty (m/m),streptozotocin-induced diabetic 
C57Bl1/6J (s-db), and control non-diabetic 
(c-n) mice for four primary taste stimuli 
were investigated using a two-bottle, 48 hr 
testing procedure. Slight preference for 
Sucrose solution was exhibited at 0.01 M in 
C-n mice and at 0.02 M in db/db mice, 
Suggesting that db/db mice may have lower 
sensitivity than other experimental groups 
of mice. However no significant differences 
in sucrose preference threshold could be 
observed between db/db and m/m or between 
s-db and c-n. Both HCl and Q-HCl were 
rejected by n-n above 0.00005 M and 0.00001 
M and, by db/db above 0.002 M and 0.0001 M, 
respectively. Although db/db showed lower 
sensitivity for HCl and Q-HCl rather than 
other three groups of mice, reliable 
Gifferences in aversion threshold were not 
detected between n-n and s-db or between 
db/db and m/m. Because mice tested 
preferred slightly to NaCl, no differences 
in preference threshold were observed among 
four experimental groups of mice. Abrupt 
reduction of preference ratios for sucrose 
of high concentrations and gradual 
rejection for Q-HCl with increase in 
concentration was characteristic in both 
Groups of diabetic mice. 


TASTE CELL RESPONSE TO SUGAR STIMULI. 

K. Tonosaki. Department of Oral Physiol., 
School of Dentistry, Asahi University, 
Gifu. 

The mechanism of sugar taste response 
has suggested the presence of multiple 
Sugar receptor sites on the taste cell. 
These results have been provided by data 
from whole nerve, single neuron and single 
receptor cell studies. It would further 
Support to the idea of multiple receptor 
sites. However, gustatory cross adaptation 
between sugars has not been determined. 
No one previously reported mammalian taste 
cell responses to the sweeteners tested to 
cross adapt with intracellular recording. 
In the present experiments, I recorded 
Sugar cross adapted responses in mouse 
taste cell using intracellular recording. 
A survey of a wide variety of sugar taste 
stimuli was performed. I propose that 
there is a multiple sugar receptor sites 
on the mouse taste cell receptor membrane. 
I found that the response profiles to 
several sugars were different in each 
taste cells and one taste cell produced 
different response profiles to each sugar 
stimulus with intracellular recording 
study. These results indicated that the 
complicated response generation mechanisms 
among sugars and suggested the multiple 
Sugar receptor sites are existed on the 
taste receptor membrane.It may further 
support the hypothesis that a given taste 
cell has many different types of sugar 
receptor Sites on the taste receptor 
membrane. 


Roles of anterior and posterior tentacles in 
aversive learning and behavior in Limax flavus. 

T. Kimura, A. lwama, T. Sekiguchi and A. 
Mizukami, Tsukuba Reseach Center of SANYO 
Electric Co. Ltd., Ibaraki. 

We investigated the functional roles of anterior 
and posterior tentacles (ATs and PTs) in the 
odor-aversive response of slugs. The animals 
were conditioned aversively to the odor of carrot 
(CS) by application of qunidine sulfate (US). 
They became to avoid the odor of CS by the 
conditioning procedure. When the ATs were cut 
out, the conditioned animals could not avoid the 
CS. The animals which were removed the PTs 
could respond aversively to the odor, though they 
could not detect the direction of odor source. 
These facts indicate that the input from the ATs 
can evoke a memory about a odor and induce 
the aversive response, and suggest that the 
animals detect the odorant gradient via the PTs 
and determine the direction to avoid. Further 
more, we showed a significant role of the PTs in 
the associative learning. That is, the PTs 
removed animals could not lean about odor. 

From these results, we concluded that slugs 
have two functionally diffirent odor-sensing 
organs (PTs and ATs), and that they behave 
adaptively agaist surrounding odor by using both 
of the two pairs of tentacles. 
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TRIAL OF SIMULTANEOUS RECORDING OF MEM- 
BRANE CURRENT AND CONCENTRATION CHANGE OF 
INTRACELLULAR CALCIUM IN THE OLFACTORY 
RECEPTOR CELL. 

Tt. Nakamura and S$. Hirota, Department of 
Applied Physics and Chemistry, The Univer- 
sity of Electro-Communications, Chofu-shi, 
Tokyo. 


Although many evidences indicate that 
the olfactory transduction is performed 
through the cAMP second messenger system, 
some reports argued the exsistence of 


Ca/IP3 second messenger system. This 
argument dictated us to try simultaneous 
measurements of membrane current and 
intracellular Ca concentration in the 


olfactory receptor cell: When cAMP was 
injected into the isolated newt olfactory 
receptor cell loaded with Ca sensitive 
dye, Fura2 by achieving the whole cell 
recording mode with the patch pipette 
containing the 5 mM cAMP under the holding 
potential of -70 mV, current influx and 
Fura2 fluorescence- change indicating the 
intracellular Ca increase were recorded 
simultaneously. The differentiated func- 
tion of the time course of Ca increase at 
the olfactory knob near cilia exhibited 
very similar wave form to the current 
influx. This result strongly suggests that 
Ca ions influxed through the ion channels 
gated by cAMP in the cilia. The reported 
Ca increase induced by odor stimulation 
may occur as the part of the cAMP pathway. 


IP,-ACTIVATED ION CHANNELS IN FROG OLFAC- 
TORY RECEPTOR CELL MEMBRANE 


N. Suzuki 
Zool. Inst., Fac. of Sci., Hokkaido Univ., Sapporo 


To clarify the possible role of IP, as a second messenger in 
vertebrate olfactory transduction, I have studied the effect of 
IP, on ion channel activity in inside-out membrane patches 
excised from the soma membrane of olfactory receptor cells. 
In a microflow superfusion chamber, patches were perfused 
with divalent cation-free internal solution or low calcium K- 
internal solution( Ca2+ 1x10® M ), in which 1 uM cAMP or 5.3 
uM IP, was dissolved. With divalent cation-free external 
solution or Na-external solution containing divalent cations, 
cAMP-activated ion channels which were identified by their 
response characteristics of I-V relation did not respond to IP,. 
With Ba-external solution( Ba2+ 88 mM ), however, ion 
channels which exhibited burst-like openings in response to 
IP, were found at both -75 mV and +75 mV. These IP,- 
activated ion channels responded to neither cAMP nor voltage 
change itself. The unit conductance determined from the 
total amplitude histograms was 26 pS at -75 mV and 44 pS at 
+75 mV. The present finding of IP,-activated ion channels in 
the olfactory receptor cell membrane,which probably belong 
to a type of second messenger-operated Ca-channels, 
suggests that the multiple pathways, both an adenylate 
cyclase cascade and a phosphoinositidase C cascade, may be 
involved in vertebrate olfactory transduction. 


EFFECTS OF ODOR STIMULI TO VOMERONASAL 
ODOR SAMPLING MOVEMENTS IN MICE 

T. Hatanaka> Dept. of Biol.) sbac wren 
Educ., Univ. of Chiba, Chiba. 


In rodent vomeronasal organ, odorants 
are received by pumping action of 
cavernous vascular tissue situated along 
the organ. To ascertain whether the 
vomeronasal organ is specialized sex 
pheromone receptor, the effects of various 
kinds of odor to the vasomotor action of 
the organ was investigated. 

When, spontaneous vasomotor action 
was suppressed by an excessive anesthesia, 
electrical stimulations delivered to the 
naso-palatine nerve caused odor sampling 
movements consisted of relaxation and 
contraction. Stimulations with adequate 
frequency yielded the movement which 
simulated natural sampling actions such as 
periodical contractions or a long lasting 
large contraction. Various vapor odors 
slightly affected the frequency and 
amplitude of periodical contracting 
movement with the exception of impinging 
acetic acid odor which caused large 
contraction. As aquatic stimulus, direct 
urine stimulus caused a long lasting large 
contraction, indicating that the mouse 
vomeronasal system would appear to be 
essential to the reception of non-volatile 
urine pheromone. 


VOMITING ABILITY OF AMPHIBIANS 

T.Naitoh’ and R.J.Wassersug”’. *Dept. of 
Biol., Shimane Univ., Matsue, Japan and 
“Dept. of Anat., Dalhousie Univ., Halifax, 
Canada. 

As an aid to understand the vomiting 
mechanism of vertebrates, the emetic 
response of amphibians was studied. Ten 
species of frogs and two salamanders (from 
the genera Xenopus, Rana, Hyla, Rhaco- 
phorus, Cynops and Hynobius) were tested. 

Xenopus laevis and Rhacophorus 
schlegelii were sensitive to apomorphine-— 
HCl, while the other species were less 
sensitive. Copper sulfate was a potent 
emetic to both frogs and salamanders. The 
most notable phenomenon during emesis was 
contraction of the abdominal wall, sug- 
gesting a rise in intra-abdominal pressure. 
Frogs with their abdominal walls denervated 
by cutting the spinal nerves could not 
vomit. Electromyograms of the rectus 
abdominis muscle confirmed contractions in 
association with the ejection of gastric 
contents. 

In mammals, the primary force for eject-— 
ing the gastric contents is a rise in 
intra-abdominal pressure produced by the 
contractions of body wall and respiratory 
muscles. From a mechanistic standpoint, 
there seems no difference between amphib— 
ians and higher vertebrates in how they 
generate force to eject foodstuff. Among 
tetrapods, the ability to vomit character— 
izes carnivorous bulk-feeders and is not a 
simple reflection of evolutionary stage. 
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CIRCLE SWIMMING CAUSED BY BICUCULLINE 
INJECTION INTO BRAIN OF THE MEDAKA ORYZIAS 
LATYPES. 

K. Takeuchi. Dep. of Biol. Aichi-Gakuin 
Univ. Nisshincho, Aichi. 


Anticlockwise circle swimming is brought 
about by the injection of bicuculline into 
the left anterior tegmentum of medaka and 
clockwise circle swimming by injection 
into right anterior tegmentum. Amino- 
valeric acid has weak same effect. On the 
contrary, the injection of GABA, nipecotic 
acid and hydroxybutyric acid into left 
anterior tegmentum bring about clockwise 
circle swimming only a few minutes after 
the injection. Adrenergic, cholinergic 
dopaminergic, histaminergic and seroton- 
ergic neurochemicals are all ineffective. 
The present experiment suggests that the 
cooperation of two centers in left and 
right anterior tegmentum which make a 
turn to opposite direction. Furthermore, 
some other experiments suggest that there 
is a higher centers in cerebellum which 
control the above centers in tegmentum. 


INHIBITORY EFFECT OF IODOACETIC ACID ON THE 
ISOLATED HEART BEAT OF THERMALLY 
ACCLIMATED GOLDFISH. 

H.Tsukuda and M.Osada. Dept. of Biol., Fac. of Sci.. 
Osaka City Univ., Osaka. 


The frequency and amplitude of the ventricular contraction 
was recorded at 10°C for the isolated heart from 10°- and 
25°C-acclimated goldfish and inhibitory effect of iodoacetic 
acid and effectiveness of the exogenous substrates, glucose 
and lactate, for maintenace of the heart beat was examined. 
Total heart activity was evaluated by the "power" which is the 
product of frequency and amplitude. 

The frequency and amplitude, consequently power, of the 
heart beat were maintained at higher levels in the medium 
containing SmM glucose or SmM lactate than in the simple 
saline medium. This shows the effectiveness of the exogenous 
substrates for the maintenance of isolated heart beat. 

The frequency, amplitude and power of the heart beat 
decreased more rapidly in the medium containing iodoacetic 
acid than in the simple saline medium. This effect was higher 
as concentration of the acid was higher. These fidings 
possibly indicate the inhibitory effect of iodoacetic acid on 
the heart beat. 

Such inhibitory effect was higher in cold—acclimated fish 
heart than in warm—acclimated fish heart and in the latter it 
was significantly diminished when lactate was added to the 
medium. These findings suggest that the mode of utilization 
of exogenous lactate by cardiac muscle changes during 
thermal acclimation. 


COLD-STABILIZATION OF MICROTUBULES OF LIVER 
CELLS BY COLD ACCLIMATION OF CRUCIAN CARP, 
Carassius carrasius cuvieri. 

K. Tsugawa* and K. P. Takahashi2. 

Pept. of Nat. Sci., Osaka Women's Univ., 
Sakai and 7First Dept. of Anatomy, Osaka 
City Univ. Med. Sch., Osaka. 


Microtubules (MT) of cold-acclimated (or 
adapted) poikilotherms are expected to be 
stable in cold where they live. We reported 
that MT of rainbow trout cells, RTG-2, cul- 
tured in vitro chronically at 5°C were 
stable at O°C, while those of warm-cultured 
cells disassembled rapidly (Tsugawa & Taka- 
hashi, Comp. Biochem. Physiol. 1987, 87A: 
745). In the present experiment crucian 
carp were acclimated at 25+0.5°C or 4-5°C 
for 1-3 months. Small pieces of liver were 
fixed at 0 or 25°C and MT were stained im- 
munofluorescently with a monoclonal anti-f 
tubulin and FITC-labeled Igs in slices 
sectioned by a cryostat. 

Well developed MT strands were observed 
in liver from both acclimation groups when 
tissue was fixed at 25°C. When fixed at 
O°C, MT were hardly observed in liver of 
the warm-acclimated fish, while a con- 
siderable number of MT were observed in the 
cold-acclimated fish. In the latter, small 
number of MT were found in tissue pieces 
ineubated ac OCC for 24th, she resuics 
showed that the cold-stability of MT was 
controlled by the temperature to which 
cells were exposed chronically. 


CHARACTERISTICS OF HIBERNATION- 
SPECIFIC PLASMA PROTEINS IN CHIPMUNKS. 
N.Kondo!, J.Kondo2, N.Takamatsu® and T.Shiba?. 
IMitsubishi kasei Inst. of Life Sci., Machida, Tokyo, 
2Mitsubishi Kasei Corp. Res. Center, Yokohama and 
3School of Hygienic Sci., Kitazato Univ., 
Sagamihara. 


It has previously been indicated that a mammalian 
hibernator, chipmunk (Tamias asiaticus), has four 
types of protein (HP-20, 25, 27 and 55) which 
disappeared from the blood specifically during 
hibernation. HP-20, 25 and 27 which contain a 
collagenous molecule form a novel protein family, 
while HP-55 is a member of serpin superfamily. The 
present study further characterize these proteins 
specific for hibernation. In analysis of plasma of 
nonhibernating animals by SDS-PAGE and gel 
permeation chromatography, these four proteins 
formed a complex in plasma fraction of 140 kDa by 
interchain disulfide and weak non-covalent bonds. A 
cDNA encoding one of these proteins, HP-25, was 
isolated from cDNA library constracted with liver 
poly(A)+-RNA of nonhibernating animals. Northern 
blot analysis with HP-25 cDNA revealed the 
expression of HP-25 mRNA only in liver and the 
marked reduction of its content in hibernating 
animals. These results indicate that HPs exist as a 
complex in the blood during nonhibernation and may 
partly be regulated through gene expression during 
hibernation. 
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DEFENSE REACTIONS OF THE SILKWORM LARVA 
WHICH IS ABRADED AT ITS CUTICLE 

P. T. Brey and M. Ashida. The Institute 

of Low Temperature Science, Hokkaido 

University, Sapporo, Japan. 

Abrasion given to the cuticle of the 
silkworm larva(5th instar day 5), induces 
melanization in the abraded part of the 
cuticle and the appearance of polypep- 
tide (s) with bactericidal! activity. «lho 
analyze the melanization reaction protei- 
naceous components responsible for the 
reaction were extracted from larval cuti- 
elles tof (salikworms (©, theans tar, adaye op 
Prophenoloxidase (proPO) with a smaller 
polypeptide molecular weight than hemo- 
lymph proPO was identified by using mono- 
specific anti-hemolymph proPO/IgG. 
Furthermore proPO activating enzyme was 
shown to exist as a form insensitive to 
serine protease inhibitor, althogh the 
active form was sensitive to the 
inhibitor. 

The causality between the melaniza-— 
tion reaction in the abraded cuticle and 
the appearance of bactericidal activity in 
hemolymph was investigated by using 
axenically raised larvae. Abrasion given 
to axenic larvae could not be a cause to 
the appearance of bactericidal activity in 
hemolymph, although melanization took 
place in the cuticle. 

Microbial cell wall components in 
abraded cuticle were shown to be 
responsible for the induction of the 
bactericidal activity in hemolymph. 


EXPRESSIONS OF THYMOCYTE ANTIGEN (RC-T1) 

OF RANA CATESBEIANA DURING METAMORPHOSIS 
N.Yamagata, N.Gotani and K.Sugiyama 
Depeabiol. Hac. Of  SGiv Hirosaki» Unive, 
Hirosaki 


Thymocyte specific Rce-T1 antigen 
molecules were immunoprecipitated from 
tadpoles and frogs of Rana catesbeiana, 
and analysed by SDS-polyacrylamidegel 
electrophoresis (PAGE). At the beginning of 
hind-limb formation (stage 25 by E. Cooper 
),three antigens of 5.6KD, 54KD and 50KD 
in molecular weight were expressed. The 
main band expressed at stage 27 was 45KD 
in M.W., and then the molecular weight of 
this antigen shifted to 40KD at stage 30. 
This electrophoretic pattern continued 
till the end of metamorphosis. After an 
end of metamorphosis, a new main band 24KD 
in M.W., was expressed on the thymocytes 
of froglets in addition to the minor 40KD 
band. When the T-cells prepared from 
peripheral blood of adult frogs were 
examined also in the same manner as 
mentioned, a main immunoreactive Rc-T1 
antigen was detected in approximate 
molecular size of 40KD. These results 
suggest that the Rc-T1l antigen changes 
their structure during metamorphosis. It 
may be supposed that T-cell antigens will 
be educated in the thymus of an anuran 
amphibia as in mammals. 


Thymus “mie diu-ld a anid eh pidge. 
OF oon ovVf Dus etl of.—= te08!] ver eaeaumecrc 

M.HOSONO?, M.KUROZUMI?, S. IDEYAMA?’? & Y.KATSURA? 
Depts. *Immunol.and *Clin. Lab., Chest Dis. Res. Inst. 
3Dept. Dermatol., Fuculty Med., Kyoto University. 


Anatomical site of the thymus involved in induc- 
tion of self-tolerance was investigated. A murine 
lymphocyte-stimulating(Mls)antigen is known to be 
recognized, in association with major-histocom- 
patibility complex-class II (la) antigens by T 
lymhocytes expressing limited segments of T cell 
receptor(TcR)genes, such as V$6, 7, 8.1 TcR chains. 
Therefore, Mlsa mice lack VB6* cells in the peri- 
pheral T-lymphocyte pool,as a result of induction 
of self-tolerance. A similar event was observed 
in Mlsb mice to be bearers of V$6* cells,after an 
injection of peritoneal cells from Mlsa mice into 
newborn Mlsb mice, known as neonatal tolerance in- 
duction. Interestingly, in early stages of post- 
natal development, observed was transient appea- 
rance of auto-reactive V$6* cells, then followed 
was disappearance of once-generated V$6* cells in 
the thymus of Mlsa mice. The newborn thymuses of 
thus-tolerized Mlsb mice bear donor’s la* cells 
confluently in the medulla and in scattering in 
the cortex. Anatomical sites in the thymus close- 
ly related to induction of tolerance is directly 
searched by intrathymic injections of Mlsa-bear- 
ing cells at the different site of newborn Mlsb 
thymi, resulting in that antigens administrated at 
the medulla but not the cortex induced tolerance. 
These results indicate that developing T cells 
receive negative signaling for self-tolerance at 
the deep cortex and/or medulla within the thymus. 


NTA (NATURAL THYMOCYTOTOXIC AUTOANTIBODY ) 
RECOGNIZES 8-TUBULIN IN NEURONAL TISSUE. 
M.Kamiya, M.Miyakawa, Y.Arai. G.Ueda*t and 
T.Shirai*. Dept of Anat. and *Pathol., 
Juntendo Univ. Sch. of Med.,Tokyo 


NZB mice, which show immunological 
abnormalities and nervous disorders, are 
known to bear many kinds of autoanti- 
bodies. Monoclonal NTA established from 
NZB mice reacts with a surface antigen of 
thymocytes and a part of T cells. NTA 
binds to adult and embryonic nervous 
tissue. Molecular weight of the neuronal 
NTA antigen was equivalent to that of 
thymocytes (around 55 kDa), but its local- 
ization is confined to cytoplasm. ( Ann. 
Meeting of Zool. Sci, 1990) 

The neuronal NTA antigen was further 
characterized. On the immunoblot of two- 
dimensional SDS-PAGE of the whole lysate 
of fetal brain, NTA stained the spot which 
anti-B-tubulin antibody recognized. 
Double immunof lourescence experiments 
showed that the staining pattern of cul- 
tured neuronal cells by NTA resembled that 
of tubulin filament stained by anti- 
tubulin antibody. Moreover, the immuno- 
blot of SDS-PAGE of purified bovine brain 
tubulin was stained by NTA. Preadsorption 
of NTA with purified tubulin attenuated 
this stainability. These results indicate 
that 8-tubulin is a major neuronal NTA 
antigen. 
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CHANGES IN PLASMA ERYTHROPOIETIN LEVEL DURING EXPOSURE 
OF MICE TO HYPOBARIC HYPOXIA 

SSakata and YEnoki 

Second Dept. of Physiol, Nara Med Univ., Kashihara 


Erythropoietin (EPO) is a glycoprotein hormone which 
is concerned with homeostasis of red blood cells (RBCs) 
in vertebrates. The production of EPO is enhanced by 
tissue hypoxia and is reduced by tissue hyperoxia. This 
study describes plasma EPO changes in mice exposed to 
various degrees of hypobaric hypoxia (025-055 atm) 
for 10 days followed by normoxia for 6 days. Hypoxia 
was produced by placing the animals into a Plexiglas 
chamber connected with a vacuum line and keeping them 
at desired levels of decompression for 10 days (225 
h/day). Exposure to 05 atm did not stimulate the 
production of EPQ. In mice exposed to 0.30-0.50 atm, 
however, plasma EPO, circulating reticulocytes and RBCs 
were elevated in proportion to the magnitude of 
hypoxia. Plasma EPO increased significantly on the 2nd 
day, and reached a maximum on the $3rd-4th days, 
regardless of the magnitude of hypoxia. There was a 
fairly good correlation between relative total 
production of EPO and of reticulocytes or RBCs. In mice 
exposed to 0.25 atm on the other hand, the peak of the 
circulating EPO level was postponed to the 7th day of 
exposure. Body weight was reduced to about 70% of the 
initial level by the 10 day-exposure. No increment in 
body weight was observed during the normoxic period of 
15 hours on the ffirst day. Therefore, this delayed 
response of EPO might be due to inadequate food intake 
induced by severe hypoxia. No EPO activity was detected 
in plasmas from mice on the Ist-2nd days after 
completion of hypoxia exposure (0.25-0.40 atm). This 
seems to be due to an EPO-hematocrit feedback mechanism 
that involves suppression of normal EPO secretion by an 
increased tissue oxygen supply. 


ISOLATION AND CHARACTERIZATION OF A PROTEIN 
FROM HAGFISH SERUM THAT IS HOMOLOGOUS TO 
THE THIRD COMPONENT OF THE MAMMALIAN COM- 
PLEMENT SYSTEM. 


i: Seas). J. Nakamura¢, A. Sekizawa> and 
S. Tomopaga®. Hiroshima Women's Univer- 
Sas Nippon, InNSLItCUTe Tor BT olodgi cal 


Science, Ome, Seitoku University, Matsudo, 
and “Yamaguchi University, Ube. 

The 192-kDa protein HX, a major compo- 
nent of serum that specifically binds to 
zymosan particles, was prepared from the 


plasma of the hagfish (Eptatretus burgeri) 
by titon-exchange chromatography and gel 


filtration. HX, present at a concentration 
of 0.8 mg/ml in the original plasma, was 
composed of two distinct subunits of 115 


kDa and 77 kDa, respectively, which were 
linked by disulphide bonds. The protein 
had the same electrophoretic mobility as 
B-globulin. Digestion by trypsin resulted 
in a specific cleavage of the 115-kDa 
subunit and a change in its immunoelectro- 
phoretic mobility in the anodal direction, 


leaving the 77-kDa subunit intact. Treat- 
ment with SOS and urea resulted in the 
splitting of the 115-kDa subunits into 68- 


KDa and 45-kDa components, but this split- 
ting was inhibited by pretreatment with 
methylamine, suggesting the presence of a 
thiol ester bond in the 115-kDa subunit. 
The amino acid composition of HX revealed a 
striking resemblance to that of human C3. 
We conclude, therefore, that the 192-kDa 
protein isolated in this study is analogous 
to C3, which plays a key role in the mamma- 
lian complement system. 


IDENTIFICATION OF A PROTEIN PARTICIPATING 
IN PHAGOCYTOSIS BY ASCIDIAN HEMOCYTES 
USING MONOCLONAL ANTIBODY. 

H. Satoh, K. Azumi and H. Yokosawa. Dept. 
of Biochem., Fac. of Pharmaceutical Sci., 
Hokkaido Univ., Sapporo. 

Humoral and cellular factors play 
essential roles in the defense mechanisms 
of the ascidians. 

We have previously reported the 
presence of defense substances in the 
hemolymph of the ascidian, Halocynthia 
roretzi and distinctive roles of several 
types of hemocytes functioning in its 
defense mechanisms. 

To define substances participating in 
the phagocytosis by H. roretzi hemocytes, 
we established the hybridoma cell line 
producing monoclonal antibody inhibiting 
the phagocytosis of either of sheep 
erythrocytes and latex beads by the 
hemocytes, especially, amebocytes 
containing many granules. Fab fragment 
prepared from the monoclonal antibody also 
inhibited the phagocytosis, depending on 
its concentration. Western blot analysis 
of the hemocyte membrane proteins 
indicated that the monoclonal antibody 
specifically recognizes a protein of 
molecular weight of 20,000. The antigen 
was found predominantly in the upper layer 
of the hemocytes separated by Percoll 
density gradient centrifugation and can he 
isolated from the hemocytes by Mono 0 ion- 
exchange FPLC. 


ALLOGENEIC SMALL GRANULAR AMEBOCYTES OF 
HALOCYNTHIA RORETZI PHAGOCYTOSE EACH OTHER 
S.Ohtake, T.Abe, F.Shishikura, and K.Tanaka 
Department of Biology, Nihon University 
School of Medicine, Tokyo. 


Responses of hemocytes in the allogeneic 
mixed culture of H. roretzi were studied 
in vitro by transmission electron micro- 
scopy. Small granular amebocytes (SGs), 
phagocytes of the ascidian, entangled 
elongated pseudopodia with SGs and other 
cells and phagocytosed them within 10min 
after the mixing. Large granular amebo- 
cytes (LGs) formed rapidly into large 
aggregates after the mixing of allogeneic 
hemolymph and released granules among 
cells. The former SGs' response which we 
found and named "allogeneic phagocytosis" 
is a novel allogeneic response of the 
ascidian, and the latter LGs' response may 
correspond to the contact reaction reported 
by Fuke. To distinct cells phagocytosed by 
SGs in an allogeneic mixture, SGsS were 
washed and labeled with latex beads (¢1pm) 
before mixing with allogeneic or autogenic 
hemolymph or washed hemocytes. 47-68% of 
labeled SGs were phagocytosed by  non- 
labeled .SGs within 30min in the allogeneic 
mixture, however, only 1-2% of labeled SGs 
were phagocytosed in the autogenic mixture. 
When glutaraldehyde fixed hemocytes were 
used for targets, 27-44% of SGs phagocy- 
tosed fixed hemocytes in the allogeneic 
mixture but only 2-5% of SGs did fixed 
hemocytes in the autogenic mixture. 
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CLASSIFICATION OF BLOOD CELL TYPES IN 
SEVERAL VANADIUM-RICH ASCIDIANS, BASED 
ON AUTONOMOUS FLUORESCENCE 


J. Uchiyama and H. Michibata, Mukaishima Marine 


Biol. Lab., Fac. Sci., Hiroshima Univ., Hiroshima. 

Although ascidian blood cells can be classified 
into several different types based on their morpho- 
logy, there are some complications involving in the 
identification of the cell types. We have, there- 
fore, tried to classify them mainly based on auto- 
nomous fluorescence upon excitation with UV-irradi- 
ation. 

The types of blood cell in the vanadium-rich 
ascidians, Ascidia sydneiensis samea, A. zara, A. 
ahodori, and A. gemmata, could be classified into 
six categories and eleven group as follow; (1) vacuo- 
lated cells comprising signet ring cells, morula cells, 
compartment cells and small compartment cells, (2) 
acidic cells comprising giant cells and giant cell- 
like cells, (3) granular cells, (4) lymphocyte-like 
cells, (5) pigment cells, and (6) amoebocytes com- 
prising vacuolated amoebocytes, granular amoebo- 
cytes and refractile amoebocytes. Of these cell 
types, vacuolated cells, acidic cells, granular cells, 
pigment cells, and vacuolated amoebocytes were 
clearly distinguished with autonomous fluorescence. 
However, a few vacuolated cells emitted different 
color of fluorescence from the others, suggesting 
possibilities that the cells contain different sub- 
stances within their vacuoles and/or are under dif- 
ferent aging stage. 


ACCUMULATION OF VANADIUM AND DIFFEREN- 
TIATION OF VANADOCYTES DURING EMBRYO- 
GENESIS IN THE VANADIUM-RICH  ASCIDIAN, 
ASCIDIA SYDNEIENSIS SAMEA 


T. Uyama!, T. Nishikata*, N. Satoh®, and H. Michi- 


bata!, Mukaishima Marine Biol. Lab., Hiroshima 
Univ., Hiroshima, 2Dept. Biol., Konan Univ., Kobe, 


and SDept. Zool., Kyoto Univ., Kyoto. 


We examined the correlation between the time 
at which the accumulation of vanadium begins and 
the differentiation of the vanadocytes, using a com- 
bination of thermal-neutron activation analysis for 
determination of levels of vanadium and an immuno- 
fluorescence method for recognition of the manifes- 
tation of the antigen recognized by the monoclonal 
antibody specific to the vanadocytes. 

As the results, the occurrence of the antigen 
coincidently observed with the accumulation of va- 
nadium in juveniles two weeks after metamorphosis. 
Significant accumulation of vanadium was also ob- 
served after metamorphosis. One month after 
metamorphosis, the levels of vanadium increased 
dramatically and the antigenicity was observed in 
the blood cells that had a small vacuole. One and 
half months after metamorphosis, the vanadocytes 
appeared for the first time and were specifically 
recognized by the monoclonal antibody. It is sug- 
gested that the accumulation of the vanadium coin- 
cides with the differentiation of the vanadocytes 
during the development of ascidians. 
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PREPARATION OF A MONOCLONAL ANTIBODY 
DIRECTED AGAINST EEL INTESTINAL CELLS THAT 
INCORPORATE FITC-DEXTRAN BY ENDOCYTOSIS. 
S.Tamura and S.Ikegami. Dept. of Applied 
Biochem., Hiroshima Univ., Higashi- 
hiroshima, Hiroshima 724. 


There are several types of cells in the 
eel (Anguilla japonica) intestinal villus 
that incorporate FITC-dextran in vivo. 
The intestinal mucosa was dissected from 
an adult eel which had received injection 
of FITC-dextran into the lumen of the 
intestine and was dispersed by the treat- 
ment with collagenase plus disperse. The 
dissociated cells were separated by Per- 
coll (Pharmacia) gradient centrifugation. 
A female Balb/c mouse was immunized with 
the cell fraction which incorporated 
FITC-dextran. The spleen was dissected 
from the mouse and the cells were fused to 
myeloma (SP2) cells. From this fusion 
hybridoma were selected. A monoclonal 
antibody, 8F1, which specifically recog- 
nized one type of the FITC-dextran- 
incorporating cells was obtained from the 
medium of a hybridoma clone. The 8Fl 
antibody belonged to IgM and contained 
Kappa chains. 


FACIAL NERVES AND BILATERAL DE-COUPLING OF 
RESPIRATORY CPG BY MIDLINE BRAINSTEM SLITT- 
ING, EVIDENCED BY EMGS BILATERALLY RECORDED 
FROM THE FIRST BRANCHIAL BASKET MUSCLES AND 
BY NASOPHARYNGEAL RESPIRATORY PRESSURE REC- 
ORDING IN ADULT LAMPREYS. 

R.Kawasaki. Col.Biomed.Technol.Niigata Univ. 
Niigata,951 Japan. 

Anesthetized and spinalized Japanese lamp- 
reys were tested in water at 10 C. Respirat- 
ory pressure changes in the branchial cavity 
were monitored with a pressure transducer 
through a cannula inserted from the nostril 
into the nasopharyngeal pouch (NP), which is 
a closed sac lying in the pharynx between 
the first pairs of gill pouches. The tip of 
cannula easily broke the soft flexible wall 
of NP and water tube, so directly monitorted 
the respiratory pressure changes (10 cm H,0) 
in the pharyngeal cavity or gill puches.From 
the first branchial basket muscles,EMGs were 
bilaterally obtained with paired Teflon 
coated Ag wires, respectively. 

1 After intracranially bilateral transection 
of trigeminal, glossopharyngeus, and vagal 
nerves, branchial EMGs both and respiratory 
pressure (the amplitude was about 5% to the 
control) recording revealed the respiratory 
rhythmic activities, clearly demonstrating 
the function of classically described 'fa- 
cial motor nerves'in the adult ,which remain 
unclear in the case of larval lampreys. 

2 The bilateral synchnization of the respi- 
ratory EMGs was de-coupled by midline slitt- 
ing of the brainstem.The left and right EMG 
activities lasted independently with their 
own rhythm, respectively.The NP pressure 
change also followed both EMG activities.The 
two rhythms was similar in frequencies, sug- 
gesting that the right and left half brain- 
stem may be functionally almost same in the 
respiratory rhythmogenesis in lampreys. 
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PATHOGENESIS OF DIABETIC PERIPHERAL NEU- 
ROPATHY. DECREASED MICROTUBULE-ASSOCIATED 
PROTEIN KINASE ACTIVITY IN NEURAL TISSUES 
OF DIABETIC, RATS. 

T. Kobayashi 5 K. oui?, S.Mochio“, Y.Mori? 
and H.Sagaki : Department of Biochemis- 
try and “the Third Department of Internal 
Medicine, Jikei University School of 
Medicine, Tokyo 


The activity of microtubule-associated 
protein (MAP) kinase is controlled through 
phosphorylation of its tyrosine residue by 
either of insulin receptor or nerve growth 
factor receptor, and the enzyme is regard- 
ed to play important roles in cell prolif- 
eration and neuronal functions. We consid- 
er that decreased insulin fails to stimu- 
late MAP kinase activity to the sufficient 
level even in the presence of nerve growth 
factor (NGF) and induce diabetic neuropa- 
thy. We now employed a new diabetic strain 
of rat (WBN/Kob). The motor nerve conduc- 
tion velocity in the tail began to dete- 
riorate at the age of 9 months and de- 
clined with advancing age. The density and 
diameter of myelinated fibers in sciatic 
nerve at the age of 17 months were remark- 
ably decreased. The MAP kinase activities 
at the age of 15 months were remarkably 
decreased in every neural tissues studied. 
Especially, the activity in sciatic nerve 
was only 19% of that of the control. On 
the other hand, the activities in spleen 
and in submandibular gland were elevated 
to 400% and 250%, respectively. 


PATTERNED MOTOR ACTIVITIES WHICH 
EVOKED BY DOPAMINE,SCPs AND 5-HT IN 
CNS OF THE SLUG. 

A.lwama, A.Yamada, T.Sekiguchi and 
A.Mizukami, SANYO Electric Co.,Ltd., 
Tsukuba Research Center, Ibaraki. 


To approach a neural basis of feeding behavior 


in the slug, Limax flavus, we examined the 
effects of three neurotransmitter candidates 
(dopamine, SCPs and 5-HT) on the initiation of 
feeding motor activity. The activities were 
recorded extracellularly from the buccal nerve 
roots and the external lip nerves in the isolated 
CNS. The patterned activity was evoked by 
application of SCPs or dopamine to the buccal 
ganglion. When 5-HT was applied to the buccal 
ganglion,the patterned activity was not 
observed. Application of dopamine, SCPs or 
5-HT to the cerebral ganglion induced the 
patterned activities. These results suggest that 
the three neurotransmitter candidates activate 
the triggering components of the feeding activity 
in the cerebral ganglion and SCPs and 
dopamine activate the "pattern generator” in the 
buccal ganglion, but 5-HT do not. 


ACTIVATION OF BUCCAL MOTOR RHYTHM BY 
IDENTIFIED NEURONS IN THE TERRESTRIAL SNAIL 
ACHATINA FULICA. 

M. Yoshida and M. Kobayashi. Physiol. 
Lab., Fac. of Integrated Arts and Sci., 
Hiroshima Univ., Hiroshima. 


In Achatina fulica, motor-pattern gener- 
ator underlying rhythmic movement of the 
muscular buccal mass is located in the 
buccal ganglia. Two pairs of cerebral 
neurons, Cis and ventral-cerebral distinct 
neurons (v-CDNs), and a pair of buccal 
motoneurons, Bls, were found to have abili- 
ty to activate the buccal central pattern 
generator. Serotonergic v-CDN is known to 
have excitatory connections with various 
buccal neurons and to enhance buccal muscle 
contraction. Application of serotonin to 
the isolated buccal ganglia also induced 
rhythmic motor activity (RMA). RMAs in the 
buccal ganglia initiated by artificially 
elicited firing of these neurons were main- 
tained during the constant depolarization 
of them. However, in spontaneously occur- 
ring or nerve stimulation-induced RMA, 
firing of these neurons was not required. 

The behavior of Cl, v-CDN and Bi in 
taste-induced RMA was examined using gan- 
glia-lip preparations. v-CDN and Bl were 
not always excited by taste stimulation to 
the lips. In contrast, Cl responded to 
taste stimulation with firing. Since 
taste-induced RMA could be considered to be 
related to feeding rhythm, Cl may be a 
component of neurons mediating sensory 
informations for driving feeding rhythm. 


EFFECTS OF CATIONS ON THE CAPSULE VOLUME 
AND THE IONIC COMPOSITION OF NEMATOCYSTS 
ISOLATED FROM ACONTIA OF THE SEA ANEMONE 
CALLIACTIS POLYPUS. 

M. Hidaka. Dept. of Biology, Univ. of the 
Ryukyus, Okinawa. 


If’ nematocysts of marine cnidarians behave 
as Donnan-potential-dominated osmotic 
systems, exchange of intracapsular Ca 
with Na in sea water may increase the 
internal osmotic pressure. To test this 
hypothesis, changes in the capsule volume 
and the ionic composition of isolated 
nematocysts immersed in various salt 
solutions were examined. When external 
salt concentrations were lowered from 1M to 
0.001M, the capsule volume increased if the 
cations were divalent, but decreased if the 
cations were monovalent: Ca "(88% to 95% of 
Sr™ "(92% "to 


the original volume in ASW) y 
100%), Mge~" (96% to 99%), Na‘(109% to 972), 
and K"(106% to 98%). This syggests that 


exchange of intracapsular Ca with 
external Na’ increases the osmotic 
pressure. When isolated nematocysts were 
incubated in 1M solutions of various salts 
for 10 minutes, however, only a fraction of 
Ca wag, replaced by Mg an ,Na while 
most Ca was replaced by 3r Nie 
Calliactis nematocysts, Ca may 
selectively bind to the intracapsular fluid 
and affect the osmolarity of the 
intracapsular fluid either by cross-linking 
the polyanions or reducing the number of 
osmotically active, mobile cations. 
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ADRENOCEPTORS OF THE ERYTHROPHORES OF THE 
MOTLEYSTRIPE RAINBOWFISH, HALICHOERES 
TENUISPINNIS. 

T. Liga, eebDept. pnObwee ous. pe mbaC un© auto Claey, 
Shimane Univ., Matsue 


In teleost fishes, melanophores in iso- 
lated scale or split fin preparations main- 
tain the state of melanosome dispersion in 
physiological saline, while erythrophores 
(or xanthophores) in many fish species 
often fail to keep their pigment dispersion 
in the saline, varying irregularly their 
state into aggregation. This may be an 
obstacle to physiological researches of 
these bright colored chromatophores. 
Erythrophores in isolated scales of the 
motleystripe rainbowfish, 
tenuispinnis, also assumed an _ unstable 
state in the saline. In the present 
experiments, we found that the erythro- 
phores maintained their dispersion state 
in the saline by pretreatment with isopro- 
terenol (107-108 M). Using this treat- 
ment, adrenergic mechanisms regulating pig- 
ment migration within the erythrophores 
were investigated. Norepinephrine induced 
aggregation of erythrosomes within the 
erythrophores. The aggregation was shown 
to be mediated by alpha, adrenoceptors on 
pharmacological grounds. ~ It was also shown 
that the erythrophores possessed beta 
adrenoceptors mediating the dispersion of 
erythrosomes and that stimulation of beta 
adrenoceptors was associated with an 
increase of the cAMP content of the 
erythrophores. 


CYTOSKELETON OF CULTURED IRIDOPHORES FROM 
THE FRESHWATER GOBY, ODONTOBUTIS OBSCURA. 
H.Ishida and T.Iga. Depertment of Biology, 
Faculty of Science, Shimane University, 
Matsue 690. 

Iridophores from the freshwater goby, 
Odontobutis obscura, were used to inves- 
tigate the changes in cell shape during 
migration of the platelets within the 
iridophore and the cytoskeleton of the 
cell, which might involve in movement of 
the platelets within the cell. Observa- 
tions were made with a scanning electron 
microscope. The iridophores were subjected 
to changes both in cell shape and surface 
structure: The cell with dispersed 
platelets assumed a flat shape, without 
forming any particular surface configura- 
tions, while the cell with aggregated 
platelets had an appearance like a bowler 
hat with the wide brim. The surface 
membrane of the cell with aggregated 
platelets was characterized by clear 
visualization of pits in the cell body. We 
treated cultured iridophores with the 
detergent CHAPS to expose cytos- 
keletons.The cytoskeleton of the 
iridophore was composed of a filamentous 
system with the reticular structure. The 
cytoskeleton, which is located just under 
the cell membrane, appeared to wrap or- 
ganelles in it. The cytoskeleton appeared 
to change its distribution during the 
movement of the cell. A possible par- 
ticipation of the cytoskeleton in the cell 
motility was discussed. 
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SKY BLUE COLORATION OF THE SKIN AND THE 
IRIDOPHORE IN COMMON SURGEONFISH (Para- 
canthurus hepatus). 

J. Toyohara, H. Nishi, M. A. Visconti, N. 
Oshima and R. Fujii. Dept. of Biomolec. 


Sci., Fac. of Sci., Toho Univ., Funabashi. 


The common surgeonfish (Paracanthurus 
hepatus; family Acanthuridae) are well- 
known beautiful coral-reef dwellers, which 
display characteristic blue color with a 
rather low chroma (purity). The hue may 
appropriately be qualified as "Sky blue" or 
"turquoise blue." Analyses have been made 
to examine the mechanism of this "sky 
blue", in comparison with that reported 
hitherto on some damselfish species showing 
brilliant “cobalt blue." Histological 
examinations indicated that, just under the 
epidermis, round iridophores without 
dendrites were compactly arranged in two 
layers. Stacks of extremely thin 
reflecting platelets were present in the 
iridophores. Such iridophores having 
fundamentally the same configuration to 
those of damselfishes were found for the 
first time in fish belonging to families 
other than the Pomacentridae, although they 
are existing in double layers in this 
species. Believably, the stacks of thin 
platelets are responsible for the 
multilayered thin-film interference 
phenomenon of the "non-ideal" type. The 
double-layered presence of them must be 
highly concerned with the low chroma value 
of the hue. Further discussions were made 
to explain the skin hue of this species. 


MOTILE ACTIVITY OF THE NEON TETRA IRIDO- 
PHORES --- FINE STRUCTURE. 

H. Nagaishi and N. Oshima. Dept. of Biol., 
Fac. of Sci., Toho Univ., Funabashi. 


Lateral, blue stripe skin of the neon 
tetra (Paracheirodon innesi) consists of 
light-sensitive iridophores. Changes in 
the interference color of light reflected 
from the iridophores occurs by the change 
in the angle of inclination of light- 
reflecting platelets within the cells 
("Theory of Venetian Blinds"). To facili- 
tate the understanding of the mechanism by 
which the inclination of the platelets 
change, we observed fine structures of the 
iridophores by -transmission electron 
microscopy. One or two layers of irido- 
phores were present under the subepidermal 
collagenous lamella, and melanophores lay 
beneath the layer. Within each irido- 
phore, a pair of stacks of (Might —rethcer— 
ing platelets was present symmetrically 
over the slender nucleus. Each platelet 
was found to be surrounded by two inde- 
pendent membranes; namely, an inner and an 
outer membrane. A few microtubules were 
observed in the cortical cytoplasm of 
lower part of the cell. Thick filaments 
were found around the stack of platelets 
and they seemed to join the edges of the 
platelets. Thin filaments were also found 
between the platelets. The possible 
involvement of these organelles in chang- 
ing the angle of inclination of the re- 
flecting platelets was discussed. 
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CHOLINE CHLORIDE INDUCES PIGMENT 
DISPERSION IN FISH MELANOPHORES. 

N. Oshima, S. Isomura, M. Sugimoto and R. 
Fujii. Dept. of Biomolecul. Sci., Fac. of 
Sci., Toho Univ., Funabashi. 

In order to examine the action of sodium 
ions on the chromatophore response, NaCl in 
physiological saline is often replaced by 
equimolar amount of choline chloride, since 
the osmotic strength of the solution is not 
changed by such replacement. However, we 
found recently that norepinephrine (NE) 
fails to cause the pigment aggregation in 
melanophores in choline-rich saline. There- 
fore, we examined in detail the effects of 
choline on the migration of melanosomes, 
using the split-fin preparations of the 
tilapia, Oreochromis niloticus. 

In a Saline in which NaCl was totally 
or partially replaced by choline chloride, 
NE-induced aggregation of melanosomes was 
inhibited in dependence on concentration 
of choline chloride. The response of mela- 
nophores to NE was unchanged in sodium- 
free solution that had been prepared by 
substituting KCl for NaCl. The reversal of 
the response to NE was accelerated by 
rinsing with choline-rich saline. Propran- 
olol, a beta-adrenergic antagonist, had no 
effect on this phenomenon. These results 
suggest that choline itself has a pigment- 
dispersing effect on fish melanophores. 

The site of the action may be present 
within chromatophores. In the iridophores 
of the blue damselfish and neon tetra, 
Similar action of choline was observed. 


MECHANISM UNDERLYING THE GENERATION OF 
NIGHT-SPOTS IN PENCIL FISH, NANNOSTOMUS. 

H. Nishi, K. Watanabe and R. Fujii. Dept. 
eet omoLecud. Sci., Fac. of Sci., Toho 
Univ., Funabashi. 

The skin of fish generally pales during 
the night. Because of its established 
action to aggregate melanosomes, melatonin, 
released in the dark from the pineal body, 
has been thought to play an important role 
in such a color change. Pencil fish (Nan- 
nostomus beckfordi) has a black band 
called “the day band", which is expressed 
by melanophores existing along full length 
of the trunk. In the dark, this vertical 
band disappears. Instead, dark patches, or 
so-called "the night spots" appear. The 
spots are formed both by the melanophores 
within the "day band" in which melanosomes 
keep dispersed state at all times, and by 
those which, locating themselves just 
outside the band, can respond to melatonin 
by dispersing melanosomes "actively". In 
this way, this species can dramatically 
change their body pattern. Several 
researchers have referred to the appearance 
of the spots. However, no one has ever 
recognized the melanosome dispersing effect 
of melatonin on the melanophores. The 
results strongly suggest that there are two 
kinds of melatonin receptors in the melano- 
phores constituting the spots. We desig- 
mate here the receptors mediating melano- 
some aggregation as "-melatonin recep- 
tors", and those take part in dispersing 
them as the " 4-melatonin receptors. 


MUSCARINIC CHOLINOCEPTORS MEDIATE PIGMENT 
AGGREGATION WITHIN MELANOPHORES IN SOME 
CYPRINID FISH ZACCO. 

H. Hayashs’) andgRioFujaa. Dept.. of Bio- 
molecul. Sci.; Pace Ge OCa. .) LONO, auniwe > 
Funabashi. 


In teleosts, motility of melanophores 


are mainly regulated by the sympathetic 
nervous system, and the neurotransmitter 
involved in the peripheral transmission is 
naturally norepinephrine (NE). It was 
found, however, that, in fishes belonging 
to the family Siluridae (Siluriformes), the 
transmission to melanophores was exception- 
ally cholinergic, though the nerves 
concerned are known to be sympathetic 
postganglionic as usual. In some Corydoras 
species, belonging to the family Callich- 
thyidae (Siluriformes), both alpha-adreno- 
ceptors and muscarinic cholinoceptors 
mediate pigment aggregation in melano- 
phores. Outside the order Siluriformes, we 
found two species for the first time which 
belong to Cyprinidae (Cypriniformes), where 
acetylcholine (ACh) also induced melanosome 
aggregation. They are the dark chub Zacco 
temmincki and the common minnow Zacco 
platypus. Since the melanophores of the 
minnow were lowly sensitive, those of the 
dark chub were mainly used. Their melano- 
phores responded to a variety of drugs 
guite similarly to those of Corydoras, but 
exhibited lower sensitivity to ACh, if 
compared with their response to NE. 
Melanophores of the chub were found useful 
for studying muscarinic cholinoceptors. 


CHANGE OF MELANOPHORE RESPONSIVENESS AFTER 
BACKGROUND ADAPTATION IN THE MEDAKA. 

M. Sugimoto, N. Oshima and R. Fujii. Dept. 
Of BiomMoLlecud.oscais, Fac. OfScer)./;) Toho 
Univ., Funabashi. 

In teleost fish, morphological color 
change occurring after prolonged background 
adaptation is considered to be preceded by 
physiological color change. Therefore, we 
examined the influence of morphological 
color change on melanophore responsiveness 
to chemical substances, which are 
responsible for physiological color change. 

In the scales from the medaka, Oryzias 
latipes (wild type), adapted to a black 
background (B. fish) for 10 days, the size 
and density of distribution of melanophores 
increased significantly, as compared with 
tha tw ithe wscarles <r riom the iwhiite 
background-adapted fish (W. fish). 
Melanophores of B. fish were also more 
sensitive to norepinephrine (NE) than those 
of W. fish, whereas the cells of B. and W. 
fish did not differ in the sensitivity to K 
ions. The results suggest that adaptation 
to black and white backgrounds may cause 
the postjunctional supersensitivity and 
subsensitivity to NE, respectively. In W. 
fish melanophores, however, the extent of 
pigment-aggregating response induced by 
melatonin was larger than that in B. fish 
cells. We concluded that the sensitivity to 
neurotransmitter and hormone is surely 
affected by prolonged background adaptation 
in fish melanophores. 
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LIGHT SENSITIVITY OF SCALE MELANOPHORES OF 
Rhodeus ocellatus AND Gnathopogon 
elongatus. 

I.) Kawai. Aichi Pref. Coll. of Nursing, 
Nagoya. 


Melanophores in isolated scales of the 
adult rose bitterling, Rhodeus ocellatus, 
and the rounded shiner, Gnathopogon 
elongatus, showed light sensitivity; these 
innervated and denervated scales of mela- 
nophores responded to darkness with mela- 
nosome aggregation and responded to light 
either with dispersion under feeble light 
or with aggregation under strong light. 
Aggregated melanophores in darkness began 
to disperse immediately under feeble 
light (200-1000 lux) and dispersed com- 
pletely in 1-2 minutes. Melanophores in 
dispersion began to aggregate immediately 
under strong light (3500-35000 lux) and 
aggregated completely in 1-2 minutes. 
Aggregated melanophores under the light 
dispersed in 5-10 minutes after extin- 
guishing the light. These responses were 
repeated reversibility. The stronger the 
light was, the greater was the aggregation 
response. There was a great difference of 
the light sensitivity in each individual 
and with the season. Even on a single 
scale, light sensitivity of each melano- 
phore was different. Both a- and f-adren- 
ergic antagonists had no effect the mela- 
nosome response to light. The results 
indicate that these melanophores respond 
directly to light. 


PERTUSSIS TOXIN(IAP) AND BOTULINUM C3 
INHIBIT LIGHT-INDUCED MELANIN AGGREGATION 
IN MELANOPHORES OF XENOPUS FADPOLE 1 
es jyashita , T. Moxiya,, K. Asami, J. 
Arai and S. Kusunoki . Dep. of Biol. 
Sapporo med. coll. Sapporo, MEC lab. Daikin 
Ind., Tsukuba, LSL Co.,Ltd., Tokyo) 
Melanophores in the isolated tail fin of 
Xenopus tadpole respond to light or dark 
with melanin aggregation or dispersion, 
respectively. Following IAP or C3 treat- 
ment, dark-dispersed melanophores failed to 
aggregate as expected when transfered to 


light. These toxins do not actively 
stimulate melanin dispersion: melanophores 
remained aggregated following toxins 


treatment when fins were kept in light. 

High dose of cGMP induced melanin 
dispersion even under illumination. Other 
agents tested (isobutylmethylxanthine: an 
inhibitor of PDE, ouabain: a Na -pump 
inhibitor, nonactin: a cation ionophore) 
partially inhibited the expected light- 
induced aggregation by a similar manner to 
those by IAP or C3 which was regulated by 
light. 

It is known that IAP and C3 act upon the 
heterotrimeric G protein and the. small 


molecular mass G protein, respectively. 
Therefore, our results above suggest that 
the G proteins are present in photo- 


sensitive melanophore of Xenopus’ tadpole. 
These endogenous G proteins may take part 
in transducing the light signal to the 
motile system for pigment movements by 
changing the intracellular level of 
specific cations. 


THE PREFERENCE FOR BACKGROUND COLOR OF THE 
TADPOLES, XENOPUS LAEVIS. 
Tsuneo Moriya, K. Kito and Y. Miyashita 
Dep. of Biol., Sapporo Med. Coll., Sapporo 
Xenopus laevis tadpoles were tested for 
their preference for white(W) or black (B) 
background following acclination to W, B, 
or a checkerboard(C) pattern background. W 
or B-trained tadpoles showed a significant 
preference for their training background 
color. C-trained tadpoles first prefered 
W. Their preference shifted to B 
background within six hours and continued 
to the end of observation (96h). The 
preference of C-trained tadpoles for black 
is stronger than that for B-trained. 
Bilateral section of the optic nerve in W 
and B-trained groups resulted in the 
disappearance of background preference. 
However, three days post operation tadpoles 
in both groups tended to stay in the white, 
regardless of their training background. 
MSH injection to W-trained tadpoles 
resulted in their preference for black. 
Preference for a background changed 
during development. Younger tadpoles 
(stage 45) strongly prefered white, 
regardless of their prior training 
background. During metamorphosis, they 
strongly prefered black, but later, young 
frogs showed only a slight preference for 
black. The frogs though were seen to move 
more frequently between B and W than did 
tadpoles. 


EVALUATION OF SKIN COLOR OF ADULT HYLA 
JAPONICA 

M.Akimoto, K.Kawamura, Y.Suzuki, H. 
Namiki and S.Kikuyama, Dept.of Biology 
Sch. of Edu.,Univ. of Waseda,Shinjuku- 
ku, Tokyo 169. 


Most investigations of color 
changes in frogs have been based on a 
visual evaluation of skin color or 
microscopic determinations of the 
degree of dispersion of melanophores, 
which is conventionally expressed in 
arbitrary units as the melanophore 
index. 

We have examined the possibility of 
evaluating skin color of Hyla japonica 
placed on white or black background in 
a highly reproducible manner by appli- 
cation of the concept of uniform color 
space such as L* a* b* Reflectance 
values were obtained at intervals of 
20nm in the spectral region 400-700nn. 
Spectrophotometric analysis was per— 
formed according to the CIE 1931 x,y 
chromaticity coordinates. From these 
values the uniform color space 
computed. eerie 

As a result, the CIE L a b -type 
expression was revealed to be particu-— 
larly suitable for evaluation of skin 
color. 
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MOTILE RESPONSE OF IRIDOPHORES AND THE 
CHANGE IN LIGHT REFLECTANCE IN AMPHIBIANS. 
R.Fujii, H.Nishi, M.Sugimoto and N.Oshima. 
Dept. of Biomolecul. Sci., Fac. of Sci., 
Toho Univ., Funabashi. 

Among amphibians, there are many 
instances where iridophores are motile. 
That is, their light-reflecting organelles 
(flat crystalline platelets) can aggregate 
into the cell body or disperse throughout 
the cytoplasm in response to some hormonal 
or other pigment-motor signals. Being 
influenced by their yellowish tone, the 
iridophores are overlaid by xanthophores, 
in many cases. Nevertheless, the irido- 
phores themselves may change their own 
hues through rearranging their contained 
light-reflecting platelets within them, 
although in some cases, such as in the 
lichenatus, the platelets are immotile. 
In many instances, on the other hand, some 
hormonal signals, including alpha-melano- 
phore-stimulating hormone and melatonin, 
aggregated the platelets, leading to the 
decrease in the cell area. At the same 
time, the spectral peak of the reflected 
light shifted towards longer wave-lengths. 
Presumably, the intrinsic hue of the cells 
may result from the multilayered thin-film 
interference phenomenon occurring in the 
piles of platelets, and the hormonal 
stimuli lead to the spectral shift by 
elongating the pile. Rather paradoxical 
platelet-aggregating action of melatonin 
was described for the first time. 


EFFECT OF SYMBIOTIC CHLORELLA ON THE PERIOD 
OF CIRCADIAN RHYTHM IN PARAMECIUM BURSARIA 
I.Miwa and T.Sonoda. Biol.Lab., Coll.Gen. 
Educ., Ibaraki Univ., Mito. 


Cells of P. bursaria are usually green, 
containing symbiotic Chlorella in the cell. 
Chlorella-free white cells can be derived 
from green cells. Both cells of green and 
white accumulate to the bright spot in the 
light period, but not in the dark period, 
when exposed to a light-dark cycle (LD 12: 
12). After they are transferred to cons- 
tant-light (LL) or constant-darkness (DD) 
conditions, they continue to show a circa- 
dian rhythms of photoaccumulation. 

When the circadian photoaccumulation 
rhythms were tested automatically in the LL 
and in the DD by a microcomputer-assisted 
data coilection apparatus, the Chlorella 
containing green cells showed 2-3 hours 
loner period than Chlorella-free white 
cells in the LL, but they showed the same 
period of white cells in the DD. 

The green cells treated with an inhi- 
bitor of photosynthesis electron transport 
(DCMU, 3.3 pm) showed the same period of 
white cells in the LL. DCMU was no effect 
on the period of white cells in the LL. It 
is cosidered that the photosynthesis pro- 
ducts or the oxygen from symbiotic Chlo- 
rella made the period of photoaccumulation 
rhythms of P. bursaria longer. 


ARHYTHMIC MUTANTS OF MATING REACTIVITY 
REYTHMS IN PARAMECIUM BURSARIA 


T.Izumo! and I.Miwa?.1Dept.of Biology, 
Fac,of Sci.,Ibaraki Univ.,?Biol.Lab., 
Coll.Gen.Educ.,Ibaraki Univ. ,Mito. 


The cells of P.bursaria exhibit many 
kinds of circadian rhythm of mating reac- 
tivity, photoaccumulation, negative gravi- 
taxis and cell division. We found one unu- 
sual strain (Sj2) from many stocks collect- 
ed in all Japan. Cells of this stock ex- 
pressed the circadian thythm of mating re- 
activity in the constant-light (LL), but 
they did not show the rhythmicity in the 
constant-darkness (DD). Further the cells 
of stock Sj2 were treated with 2 ug/ml ni- 
trosoguanidine (MNNG) for 5 hours, and we 
isolated a clone (MCl) which expressed the 
rhythmic mating reactivity continuously in 
the LL and DD. Since the cells of Sj2 and 
MCl displayed the circadian photoaccumula- 
tion thythms when tested automatically in 
the LL and in the DD by a microcomputer as- 
Sisted data collection apparatus, the 
"clock" of these cells should be working 
normally. When the cells of Sj2 and MCl 
were given a light pulse for 6 hours in the 
DD where they exhibited the high mating re- 
activity, they declined the mating reactiv- 
ity 12 hours after light pulse. Then we as- 
sume the light dependent repressor system 
of mating reactivity, which also perform 
the function linked with pacemaker of the 
cell. Now we are keeping on genetical anal- 
ysis of stock Sj2 and MCl. 


FINE STRUCTURE OF THE ECHINOID 
MADREPORITE WITH SPECIAL REFERENCE TO 
ITS PORE-CLOSURE RESPONSE. 

M. Tamoril, A. Matsuno? and 

K. Takahashi3. lBiol. Lab., Fac. of 
Sci., Tokyo Inst. of Technol., Tokyo, 
2Dept. of Biol., Fac. of Sci., Shimane 
Univ., Matsue and 3Zool. Inst., Fac. of 
Sci., Univ. of Tokyo, Tokyo. 


We have previously reported that the 
external openings of the madreporite of 
echinoids become reversibly narrower in 
response to stimuli. Measurements made on 
isolated pore canals have suggested that 
the cells do not change their volume 
during the changes in pore size. To 
understand the morphological basis of 
this response, we studied the madreporite 
of Hemicentrotus pulcherrimus by 
transmission electron microscopy. No 
muscle cells were found in or near the 
pore canal. The canals are lined by 
ciliated columnar epithelial cells. The 
base of each cilium is surrounded by a 
collar-like projection from the cell 
body. It was shown that the heights of 
both the cells and the ‘collars' increase 
as the pores become narrower. In each 
cell, filaments were found linking the 
zonulae adherens and encircling its 
apical region. These filaments may be 
responsible for the pore-closure 
response. 
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EFFECTS OF IONIC ENVIRONMENT ON 
MECHANICAL PROPERTIES OF DETERGENT- 
TREATED CATCH CONNECTIVE TISSUE. 
iL. Motokawa. Brol. habe. 9sFace on §Scioe 
Tokyo Inst. of Technol., Tokyo. 


Catch connective tissue is collagenous 
connective tissue that changes its 
mechanical properties rapidly. Ionic 
environment greatly affects the mechanical 
properties. We do not know, however, 
whether ions work directly on the 
extracellular materials or they exert 
effects indirectly through cellular 
elements that control the mechanical 
properties of extracellular materials. 
"Model" of catch connective tissue was 
developed in which cellular activities 
were suppressed by extraction with 1% (w/w) 
Triton X-100. Material was the dermis of 
the sea cucumber Holothuria leucospirota. 
The effects of ionic environment on the 
model was compared with those on the 
intact dermis. The effects of high and low 
Ca concentrations, high Mg, acidic pH, and 
low ionic strength on the model were 
Similar to those on the intact dermis, 
which implies that those environments 
affected directly on the extracellular 
materials. Effects of high K, low Mg, and 
basic pH on the model were different from 
those on the intact one: for example, high 
K made the model slightly soft while it 
made the intact dermis quite stiff. These 
environments very likely had their effects 
by affecting the cellular activities. 


CHANGE IN STIFFNESS IN VASCULAR SMOOTH 
MUSCLE CONTRACTION INDEPENDENT FROM 
MYOSIN PHOSPHORYLATION. 


Le Zsuchiya Ar take Sygit, Ke Sato“, M. 
Hori and H. Karaki“~. Dep. Physjol., 
Sch. Med., Teikyo Univ., Tokyo, Dep. 
Vet. Pharm., Fac. Agr., Univ. Tokyo, 


Tokyo. 


In isolated rat aorta, 1 “4M 12- 
deoxyphorbol 13-isobutyrate (DPB) induced 


a sustained contraction, which was 
accompanied by the increase in 
intracellular [Ca ‘] and in myosin light 
chain (MLC) phosphorylation. In the 
presence verapamil or EGTA, however, in 
the saline, DPB induced sustained 
contraction without increase in 


intracellular [cath] or MLC phosphory- 
lation. During this contraction, constant 
oscillation in length was applied to a 
preparation by a servo-motor (500Hz, 0.18 
% of muscle length, lo) and the amplitude 
of the induced force oscillation was 
measured to know the stiffness change 
during the contraction. The stiffness 
clearly increased with the development of 
force. When a preparation was quickly 
released during the contraction, force 
was observed to recover after the 
release. These observations suggests that 
DPB may induce active crossbridge cycling 
by activating a novel mechanism which is 
not dependent on the increase in MLC 
Phosphorylation. 


SLIDING MOVEMENT OF FLUORESCENT F-ACTIN 
WITHOUT PHALLOIDIN. 

N.Oishi?, and H.Sugi%, !Radioisotope Res. 
Center, and “Dept. of Physiol., Sch. of 
Med., Teikyo Univ., Tokyo. 


It has been shown that the conformation- 
al change in actin should occur during 
sliding between actin and myosin. /MIb= 
though modifications of nucleotide bound to 
actin can cause significant changes in the 
structure of F-actins, no differences in 
the sliding movement have been observed 
among the nucleotide-modified F-actins(NM- 
actins) by an in vitro motility assay using 
rhodamine-phalloidin. Since phalloidin 
can change the structural properties of F- 
actin, we examined the sliding movement of 
NM-actins without phalloidin. F-actins 
were labeled with tetramethylrhodamine 
iodoacetamide. We prepared three kinds of 
NM-actins : F-actins polymerized from G- 
actins containing ADP, F-actins containing 
a small fraction of nucleotide(ADP < 1%, 
AMP < 8%), F-actins containing 8-bromoADP. 
In order to obtain long filaments, the F- 
actins were concentrated to 100 uwM and 
pre-incubated with 2uM HMM. Quickly 
after dilution of the F-actins with a 
solution containing cytochalasin D, sliding 
movement on HMM was examined. Without 
phalloidin, F-actins often moved interrupt- 
edly or arrested. However, all kinds of 
NM-actins slid at almost the same velocity 
with that of the ordinary F-actins polymer- 
ized from G-actins containing ATP. 


MEASUREMENT OF WORK DONE BY THE ATP-INDUC- 
ED ACTIN-MYOSIN SLIDING BY AN IN VITRO 
FORCE-MOVEMENT ASSAY SYSTEM. 

H. Sugi, K. Oiwa and S. Chaen. Dept. Phy- 
Ssiol., Sch. Med., Teikyo Univ., Tokyo, 


We constructed an in vitro force-move- 
ment assay system, in which a glass needle 
coated with rabbit skeletal muscle myosin 
was made to slide along actin cables in 
giant algal cells by applying ATP to the 
myosin-coated needle iontophoretically. To 
rapidly remove the iontophoretically deli- 
vered ATP around the needle, the experimen- 
tal solution contained hexokinase (20unit/ 
ml) and glucose (2mM). On ATP application, 
the needle moved along actin cables for a 
distance, and then stayed at the new posi- 
tion due to formation of rigor actin-myosin 
linkages. Thus, we could measure the work 
done by the ATP-induced actin-myosin slid- 
ing from the distance of sliding and the 
stiffness of the needle. Since the needle 
attached firmly to actin cables before ATP 
application, it was possible to change the 
initial baseline force at which the needle 
started moving. 

It was found that the amount of work 
done by the actin-myosin sliding in res- 
ponse to a constant amount of ATP applica- 
tion increased with increasing baseline 
force from zero to a certain value, as has 
been the case in electrically stimulated 
living skeletal muscle. 
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TUBULAR INVAGINATIONS OF THE SARCOLEMMA IN 


THE BODY WALL MUSCLE CELLS OF CIONA SAVIGNYI. 


K.Terakado. Dept. of Regul. Biol., Fac. of 
Sci., Saitama Univ., Urawa. 


The distribution of sarcoplasmic reticu- 
lum and surface invaginations of the sarco- 
lemma in the body wall muscle of the as- 
cidian, Ciona savicnyi has been examined 
with a transmission electron microscope. 
The specimens were anesthetized with 0.5% 
MS222 in sea water, then fixed with 2.5% 
glutaraldehyde in 0.3M cacodylate buffer 
(pH 7.2) with or without addition of 2% 
tannic acid for 3 hours. The muscle tissue 
was exised and cut into small pieces, post- 
fixed with 1% OsO4 in 0.1M buffer for 2 
hours at 4°C. There were extensive tubular 
invaginations of the sarcolemma, dis- 
tributed throughout the cell surface, es- 
pecially in the ends of muscle fibers. The 
tubular invaginations possessed an uniform 
diameter of about 75 nm and mostly less 
than 1 micron in length. They often 
branched at the cell surface and inside the 
plasmalemma. In tannic acid-stained prepa- 
rations, a thin tubular structure with a 
diameter of about 24 nm was revealed in the 
center of each tubular invagination. By 
this characteristic feature, the invagina- 
tions of the sarcolemma were very easily 
Gistinguished from the sarcoplasmic reticu- 
lar components. These invaginations may be, 
from structural standpoint, homologous with 
T-tubule of striated muscle. 

The sarcoplasmic reticulum was only 
poorly developed in the cortical region. 


SPERM MOTILITY IN THE SHARK (TRIAKIS SCYLLIA) 
S.Minamikawa’, M.Morisawa’, ‘Dept. of Zool., Fac. 
of Sci., Kyoto Univ., Kyoto, "Misaki Marine 
Biol. Station, Fac. of Sci., Univ. of Tokyo, 
Miura, Kanagawa 

Sperm motility of viviparous shark (Triakis 
scyllia) was studied in special reference to 
the acquisition and initiation of sperm motility 
and preservation of sperm in female reproductive 
organ. Spermatozoa had no potential for motility 
in both testis and epididymis. They acquired 
motility gradually during their transit through 
the vas deferens and became fully motile in 
vesicula seminalis. Although sperm in the vesicula 
seminalis have motility potential, they were 
immotile or less-motile when semen was diluted 
with the NaCl or KCl solution at the concentration 
lower than 250 mM. They became motile with 
increase in ion concentration and exhibited 
full motility at NaCl or KCl concentration 
above 500 mM which exhibits the osmolality of 
1000 mOsm/kg. Since osmolality of uterus fluid 
was around 1900 mOsm/kg and spermatozoa were 
immotile in none-electrolyte solution, the 
environment which has suitable electrolyte and 
osmolality comparable to uterus fluid is required 
for the motility of sperm after ejaculation 
into uterus. Uterus fluid contained higher 
concentration of glucose as compared with in 
the seminal plasma. The time that spermatozoa 
continue moving was longer in the uterus fluid 
than in the glucose free medium whose ion 
constituent is identical to uterus fluid, 
suggesting that the organic component of uterus 
fluid such as glucose may be important for the 
maintenance of sperm motility in the female 
reproductive tract in the shark. 


REGULATION AND ANALYSIS OF CHUM SALMON 
SPERM FLAGELLAR MOVEMENT BY IONTOPHORESIS. 
Me OKUNG7, DERG. BLOl.,,¢ Coll.) AWES-r&: ‘Sex. , 
Univ. Tokyo, Tokyo. 

Live spermatozoa of chum salmon, 
Oncorhynchus Keta, was immotile in the 
presence of potassium. Iontophoretic 
application of the divalent cations such as 
Mg** and Mn“* initiated flagellar movement 
as well as Catt as shown previously. 

The iontophoretic applications were 
also carried out in the demembranated 
spermatozoa. The demembranated chum salmon 
sperm flagella did not move in the absence 
of. cAMP even when ATP was present. When 
Ca2+ was applied to the immotile flagella, 
the flagella bent at the region where Ca“* 
was applied. The flagella reactivated with 
CAMP appeared the asymmetric wave followed 
by the stop of movement with the bent shape 
when Ca‘** was applied. It could be assumed 
that the asymmetric bending wave caused by 
superimposing the symmetric wave to various 
shape of the flagellum, namely "Biased base 
line model". 

Application of Mg2* increased the bend 
angle but decreased the beat frequency. 
The sliding velocity of the doublet mi- 
crotubules was kept constant. The symmetry 
of the bending wave was also maintained. 

ATP application seemed to cause the 
change in the sliding velocity of the outer 
doublet microtubules resulting in changes 
in beat frequency and bend angle. The 
local modification of the parameter by the 
iontophoresis caused disturbance of the 
regular bending waves. 


DEPHOSPHORYLATION OF PROTEIN PARTICIPATES IN 
OSMOLALITY-DEPENDENT INITIATION OF SPERM 
MOTILITY IN MARINE TELEOSTS. 
S.Oda', M.Morisawa’ and H.Hayashi’, ‘Misaki 
Mazane> Biol, -Stat.,, Fac. (OL SCi., Univ. of 
Tokyo, Miura, *Sugashima Marine Biol. Lab., 
ch. of Sci., Nagoya Univ., Toba. 
Spermatozoa of marine teleosts are immotile 
in the solution isotonic to the seminal 
plasma and they initiate motility in hypertonic 
seawater. We showed here that the initiation 
of sperm motility by hyperosmolality was 
inhibited by 150 mM NaF. Since NaF at high 
concentration inhibits protein phosphatase 
(PPase), it is possible that dephosphorylation 
of protein may cause the initiation of sperm 
motility. Subsequent addition of protein ki- 
nase (PKase) inhibitors, such as H-7,H-8,H-9 
and sphingosine to the sperm immobilized by 
NaF restored their motility, suggesting that 
PKase participates in the suppression of mo- 
tility initiation. W-7 (100 uM) and trifluo- 
perazine (TFP) also had the ability to cancell 
the suppression of sperm motility caused by 
NaF. Furthermore, more concentrated (300 uM) 
W-7 confers motility on the sperm in isotonic 
solution. Since W-7 and TFP are well known 
calmodulin inhibitors and W-7 is also a 
PKase inhibitor, it is possible that calmodulin 
and PKase participate in the initiation of 
sperm motility. From these results, it is 
possible that PPase is activated and induces 
the initiation of sperm motility through de- 
phosphorylation of protein under hypertonic 
condition and PKase and calmodulin may have 
the antagonistic roles to PPase in the initia- 
tion of sperm motility in marine teleosts. 
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MOVEMENT OF MYZOSTOMUM SPERMATOZOA: Cat 
REGULATION OF SWIMMING DIRECTIQN. 

S. Ishij ima B Ser A cise yeimai canGensie sate 
Afzelius~. Biol. Mabe se baceetOis soCuges, 
Tokyo, inst.) Of Lech, sLokyo, 2Dept. of 
Biol, (Coleos Ames) ands citer saUnciv.nnmor 
Tokyo, Tokyo and ~Wenner-Gren Inst., Univ. 
of Stockholm, Stockholm, Sweden. 


Spermatozoa of the small myzostomid 
worm Myzostomum cirriferum usually swim 
with flagellum foremost. Sometimes they 
stop and then swim with flagellum 
posteriorly. The axoneme has 9+0 type, 
which lacks the central microtubules. To 
understand the mechanism regulating 
swimming direction of the spermatozoa, we 
recorded the flagellar movement of the 
spermatozoa on the videotape by means of 
CCD video camera with a shutter and, 
WE OEE examined the effect of the free 
Ca‘*, caffeine and 8-bromoadenosine cAMP 
on the direction of bend propagation. 

The reversal of swimming direction of 
the spermatozoa was caused by a change in 
the direction of bend propagation of sperm 
flagella. The direction of propagation of 
Beyorns waves was regulated by the free 
Ca“*+: bending waves propagated from the 
tip of the head towards the flagella at 
low concentration of Ca**t, whereas they 
reversed the direction of propagation at 
high concentration of Ca“*t. Caffeine and 
8-bromoadenosine cAMP inhibited the 
reversal of propagating direction of 
bending waves. 


FLAGELLAR MOVEMENT OF TURRITELLA 
SPERMATOZOA: Ca ae PREG UIA ACEROINMMOIE 
PROPAGATING DIRECTION OF BENDING WAVES. 

Sc Eshij yma 4 S. A. Ishijima“ and B. A. 
Afzelius~. BIOL, ho, WASCs oO" SGibop 
iel<so) IinSie5 ©3 Weein,, Wolo, Dept. of 
isuoyll a 5 (OILS Cie INES euavcl Seis, Winsl75 Oe 
Tokyo, Tokyo and ~Wenner-Gren Inst., Univ. 
of Stockholm, Stockholm, Sweden. 


Spermatozoa of marine snail Turritella 


communis swim with flagellum foremost as 
well as with head forward. Structure of 
the axoneme is so-called 942 type. To 
understand the mechanism regulating 
swimming direction of the spermatozoa, we 
recorded the flagellar movement of the 
spermatozoa on the videotape by means of 
CCD video camera with a shutter and, 
moreover, examined the effect of the free 
Ca“t on the flagellar movement. 

The reversal of swimming direction of 
the spermatozoa was caused by a change in 
the direction of bend propagation of sperm 
flagella. The direction of propagation of 
bending waves was regulated by the free 
Ca“*: bending waves propagated from the 
tip of the head towards _the flagella at 
low concentration of Ca“*t, whereas they 
reversed the direction of Propagation at 
high concentration of Ca*t. Cat 
moreover, changed the rotational direction 
of the spermatozoa along their long axis. 
These results suggest that bending wavgs 
keep their chirality under different Ca“* 
concentrations. 


DUAL-OSCILLATOR MODEL PROPOSAL FOR SPERM FLAGEL- 
LAR MOVEMENT. 

N. Yamashita, Y. Nakamura, Y. Mogami and Ss. A 
Baba. Dep. of Biol., Ochanomizu Univ., Tokyo. 


We measured the beat frequency of sperm 
flagella of Hemicentrotus pulcherrimus, Psuedo- 
centrotus depressus and Asterina pectinifera, 
which had been severed to be of various length 
by pipetting. The frequency of the basal seg- 
ments of flagella was higher than that of intact 
flagella. It dropped linearly to a level of 
intact flagella with length increasing up to 
half the wave length and then remained constant 
to the full length. To explain this observation, 
we propose a model for flagellar movement that 
there are two oscillators: oscillator 1 which 
localizes at the basal region, is autonomous and 
serves aS a wave initiator, and oscillator 2 
which spreads overall, is resonant with oscilla- 
tor 1 and plays a role in wave propagation. This 
model predicts that the two oscillators can be 
either activated or inactivated specifically by 
some agents, e. g. an agent induces a signifi- 
cant reduction in the frequency of the basal 
segments with no change in that of intact fla- 
gella, or vice versa. We looked for such agents, 
measuring the effects of pH, chemicals known 
effective in changing flagellar activities. Qio 
was the same for the basal segments of flagella 
and intact flagella, indicating similar kinetic 
nature of the two oscillators. High external 
Ca** significantly reduced the frequency of 
intact flagella but didn’t affected that of the 
basal fragments, suggesting specific inactiva- 
tion of oscillator 2. 


THREE-DIMENSIONAL ANALYSIS OF SWIMMING BEHAVIOR 
OF SEA-URCHIN LARVAE. 

S. A. Baba, S. Inomata and Y. Mogami. Dep. of 
Biol., Ochanomizu Univ., Tokyo. 


Our two-dimensional analysis of the swim- 
ming velocity of sea-urchin larvae has revealed 
that plutei can compensate sinking due to gravi- 
ty by controlling their propulsive force (Moga- 
mi, et al. 1988, J. exp. Biol. 137:141-156). We 
have discussed about the possibility that they 
use sensory input informing about the direction 
of gravitational acceleration of the earth or 
simply about the flow field in the vicinity of 
their body surface and other possibilities which 
does not require active control of propulsion; 
hydrodynamical resistance increased by the 
presence of chamber walls may retard sinking 
more largely than estimated from immobilized 
larvae. We measured the swimming velocity of 
plutei of Psuedocentrotus depressus and Cly- 
peaster japonicus by means of three-dimensional 
video microscopy under nearly unbounded condi- 
tions (Baba, et al. 1991, Rev. Sci. Instrum. 
62:540-541). This measurement confirmed our 
previous observation that the average magnitude 
of the swimming velocity remained nearly con- 
stant in all directions, suggesting an increase 
in propulsion of larvae when swimming upwards; 
the calculated propulsive velocity increased as 
the direction of propulsion became more and more 
upward. However, the propulsive velocity re- 
mained rather constant in the range of the 
direction from downward to horizontal, suggest- 
ing a direction-dependent regulation of propul- 
sive force. 


EFFECTS OF NEUROTRANSMITTERS ON THE 
CILIARY MOVEMENT OF SEA URCHIN EMBRYOS 
Y. Mogami, K. Watanabe, C. Ooshima, A. 
Kawano and S. A. Baba. Dept. Biol., 
Ochanomizu Univ. Tokyo 


The swimming behavior of sea urchin 
embryos changes during morphogenesis. 
Development of the neural systems may 
support the swimming behavior which 
increases in the complexity in parallel 
with that of ciliary movement. 

Swimming behaviors in the presence 
of neurotransmitters (dopamine and 5-HT) 
were analyzed by means of computer 
aided image analysis. Dopamine induced 
the reduction of swimming speed of 
embryos of Hemicentrotus pulcherrimus 
and Pseudocentrotus depressus. The 
reduction was enhanced increasingly up 
to prism stage. After pluteus stage, 
dopawine induced a sustained backward 
swimming in P. depressus, which occurred 
with speed comparable to that of sponta- 
neous backward swimming. In plutei of H. 
pulcherrimus, dopamine induced the 
reduction of swimming speed without 
changing the ratio of backward swimming. 
5-HT had a stimulatory effect on swin- 
ming speed of embryos after prism stage 
in the two species. 5-HT appeared to 
reduce the ratio of backward swimming. 
These results suggest that dopamine and 
5-HT work as transmitters in the neural 
control of ciliary motility of sea 
urchin embryos. 


MECHANORECEPTION IN VORTICELLA FOR EVOK- 
ING A CELLULAR CONTRACTION 

K. Katoh & Y. Naitoh, Inst. of Biol. 
Sci. Univ. Tsukuba, Ibaraki 305. 


Seetietiieeieetietie  e 


Vorticella exhibits an all-or-none 
contraction in response to a mechanical 
stimulus. A stroke of a microneedle 
against the stalk evoked a contraction. 
The mechanical threshold was lower when 
the site of stroke was closer to the 
cell body. The same stroke did not 
evoke a contraction when the stalk was 
mechanically clamped in a region between 
the site of stroke and the cell body. 

A stroke against the stalk seems to give 
mechanical agitation to the cell body to 
cause a contraction. The gradation of 
the mechanical threshold along the stalk 
is attributable to attenuation of the 
mechanical agitation during its conduc- 
tion along the stalk from the stroke 
Site to the cell body. 

A localized depression of the surface 
membrane of the cell body by a 
microneedle evoked a contraction. The 
threshold extent of depression, x, was 
inversely proportional to the rate of 
depression, dx/dt. That is, a contrac- 
tion was evoked when x;4-dx/dt was over a 
threshold value. The product has a 
dimension of (L2/T]. It is, therefore, 
Presumed that Vorticella exhibits a con- 
traction when the time rate of membrane 
expansion is over a certain threshold 
value. 
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QUININE-INDUCED CHEMORECEPTOR CURRENTS IN 
PARAMECIUM CAUDATUM 
K. Oami and Y. Naitoh. IMSts *BUoly = Scin 
Univ. of Tsukuba, Tsukuba 305, Japan 
Ne ee es  _ 
To understand mechanism of quinine- 
induced chemoreceptor potential in 
Paramecium caudatum, we examined membrane 
current response to an external applica- 
tion of quinine under voltage clamp condi- 
tion. When the membrane was clamped at 
the resting potential level, a specimen 
produced a series of current responses to 
a guick application of quinine-containing 
test solution, a transient inward current, 
a transient outward current and subsequent 
sustained inward current. Amplitude of 
each current decreased with lowering 
quinine concentration. Addition of Na* or 
choline to the external solution did not 
affect the quinine induced currents. This 
fact suggests that surface charge is not 
involved in the chemoreceptor mechanism 
for quinine. Amplitude of the quinine- 
induced membrane currents changed with 
changing the holding potential level. The 
I-V relationships for the currents showed 
their respective slopes and they inter- 
sected with the potential axis at their 
respective potential levels. These facts 
suggest that some ion channels with dif- 
ferent conductance and ion specificity are 
involved in the chemoreceptor mechanism 
for quinine. 


COMPARISON BETWEEN THERMORECEPTOR AND 
MECHANORECEPTOR CURRENTS IN PARAMECIUM 

T. Tominaga and Y. Naitoh, Inst. Biol. 
Sci., Univ. Tsukuba, Tsukuba, Ibaraki 305 
When the ambient temperature (Te) was 
lower than the culture temperature, 
Paramecium exhibited a depolarization in 
response to a thermal stimulus given to 
its anterior end, while a hyperpolariza- 
tion in response to that given to its pos- 
terior end. The anterior response was 
Ca2+-dependent (28.8mV/log[Ca?+]o), while 
the posterior response K*-dependent 
(52.2mV/log[K*+]Jo). Under voltage clamp 
condition, an inward current corresponding 
to the depolarizing response was evoked by 
anterior stimulation, while an outward 
current corresponding to the hyperpolariz- 
ing response by posterior stimulation. 

The reversal potential obtained from the 
I-V relationship was positive for the in- 
ward current, and it was more negative 
than the resting potential for the outward 
current. The inward current seems to be 
carried by Ca*+, while the outward current 
by K*. These characteristics are identical 
with those of mechanoreceptor currents. 
However, the effect of Te on the posterior 
mechanoreceptor current was different from 
that on the posterior thermoreceptor cur- 
rent. We tentatively propose a hypothesis 
that a thermoreceptor channel has a ther- 
moreceptor molecule(s) different from a 
mechanoreceptor molecule(s) but share the 
ionic pathway with the mechanoreceptor 
channels. 
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CILIARY REORIENTATION RESPONSE OF THE 
TRITON-GLYCEROL-EXTRACTED PARAMECIUM AFTER 
A PULSE EXPOSURE TO TRYPSIN. 

M. Noguchi, T. Taneyama and T. Ogawa. 
Dept. of Biol, Hac. Of Sci, LOoyamea 

Univ., Toyama. 

We examined the effect of a pulse 
digestion with trypsin on the ciliary 
reorientation response of the cilia on the 
ciliated cortical sheets from Triton- 
glycerol-extracted Paramecium to 
understand the mechanisms which control 
the beating direction with Ca2+ 
and cyclic nucleotides. 

The ciliated sheets of cell model which 
stuck to the glass surface were perfused 
successively with reactivation solutions 
to examine responses of the non-digested 
Cilia. Then a solution containing 0.05 
mg/ml trypsin was perfused. After a brief 
duration of digestion, a solution 
containing 0.75 mg/ml trypsin inhibitor 
was perfused to stop the digestion. After 
this treatment, the observation of ciliary 
responses of pulse-digested cilia was 
continued. 

The short period digestion removed the 
Ciliary sensitivity to cyclic nucleotides 
first. The prolonged digestion removed 
the Ca2+ sensitivity. The condition 
at which the digestion was performed such 
as Ca2+ and cAMP concentration affected 
the results. A few high molecular weight 
proteins in a PAGE pattern of axonemes 
disappeared with the trypsin digestion. 


REACTIVATION OF PARAMECIUM CILIA WITH 
PHOSPHOARGININE. 

T. Sawada, T. Kinaga and M. Noguchi. 
Dept. of Biol., Fac. of Sci., Toyama 
Univ., Toyama. 

Energy for motility of eukaryotic cilia 
and flagella is supplied by ATP. The 
mechanism for supplying ATP to the whole 
length of cilia and flagella has been 
considered to be supported mainly by 
diffusion of ATP from a cell body. Also, 
a phosphocreatine shuttle has been 
proposed as an alternative system for 
energy supplying in sea urchin sperm 
flagella. We reported that arginine 


kinase activity was detected in Paramecium 


Cilia as a plausible member for energy 
supplying system "“phosphoarginine 
shuttle". To clarify the phosphoarginine 
shuttle really works in live Paramecium 
cell, we determined the phosphoarginine 
contents in Paramecium and attempted to 
reactivate cilia with phosphoarginine. 

The intracellular concentration of 
phosphoarginine was estimated at about 0.4 
mM. Ciliary beating in the presence of 
ATP in ciliated sheets of cell cortex from 
Paramecium was markedly stimulated with 
metachronal waves by the estimated 0.4 mM 
of phosphoarginine. These results suggest 
that phosphoarginine shuttle could 
contribute to supplying ATP in live 
Paramecium Cilia. With this reactivating 
system, we examined the effects of Ca¢t 
and CAMP on the ciliary beating. 


SLIDING BEHAVIOR OF CENTRAL-PAIR EXTRUDED 
AXONEMES OF CHLAMYDOMONAS FLAGELLA 
N. Ishii and T.Miki-Noumura. Department of 
Biology, Ochanomizu Univ., Ohtsuka, Tokyo. 
ependency o stepwise sliding disin- 
tegration of Tetrahymena ciliary axonemes 
upon ATP concentrations was reported by 
Tanaka and Miki-Noumura (1988). It sugges- 
ted that the axonemes may have an ability 
to regulate sliding behavior in response 
to concentrations of ATP. 

To determine whether central-pair mic-— 
rotubules regulate movement of the axone- 
mes, we compared beating and sliding beha- 
viors of the central-pair extruded axone- 
mes with those of the intact axonemes. We 
induced sliding movement of Chlamydomonas 
axonemes, using method reported by Okagaki 
and Kamiya (1986). Concentrations of Ca 
ions was kept at about 10°° in this expe- 
riment. 

Observations under dark-field micro- 
scope and terbidimetric assays confirmed 
similar stepwise sliding disintcgration of 
the intact axonemes to that of Tetrahymena 
axonemes at lower or higher ATP concent— 
rations. However, the central-pair extrud- 
ed axonemes did not show any beating, and 
the sliding disintegration was hard to oc-— 
cur at higher concentrations of ATP, while 
the extruded axonemes generated sliding 
movement smoothly and swimmed with only 
flagellar waveform at lower concentrations 
of ATP. The results suggest that the 
central-pair microtubules may play a role 
to regurate sliding behavior and generate 
an asymmetric beating, depending upon con- 
centrations of ATP. Further study on this 
point is carried out now. 


SLIDING BEHAVIOR OF MICROTUBULE-DYNEIN 
COMPLEX 

Y.Mimori & T.Miki-Noumura 

Dept. of Biology,Ochanomizu University 
Tokyo 112 

We studied sliding behavior of microtu- 
bule (MT) from the dynein-MT complex 
in vitro, using Tetrahymena ciliary 
22S dynein,and singlet MTs reassembled 
from porcine brain PC-tubulin. 

The complex formation was performed 
in two ways. 

Tu-22S complex ; Dynein was added to 
€ubalin Solution at 0°C,and was incubated 
at 37°C for polymelization. 

MT-tu22S complex ; 22S dynein incubated 
previously with unpolymerized PC-tubulin 
at 0°, was added to polymerized MTs. 

Both complexes were fully decorated 
with excess 22S dynein molecules in 
ATP-sensitive manner.We observed  undr 
dark-field microscope that addition 
of ATP induced MTs to slide out from 
the complex,leaving visible track behind 
the sliding MT .Electron microscopy 
showed that the track of sliding MT 
from the complex was composed of 22S 
dynein molecules stuck and = remained 
in rowS on the slide.Comparing the 
sliding behavior of both complexes 
in the presence of 1mM ATP,we found 
that rotating MTs’ slid out from Tu-22S 
complex at velocity of 18ym/S,While 
Mi"STid out from the MT-tu22S complex 
at velocity of about Oe ASTER AS 
rotation.The average velocity of MTs 
sliding on 22S dynein coated _ slide 
was about 8u m/s(Vale&Toyoshima,1988). 
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Characterization of lectins from body 
surface mucus of ignd slugs. l 
-Furuta ,T.Takagi’ and A.Shimozawa 
pDept.of Anat.Dokkyo Univ. Sch. of Med. 
Biol.Inst.,Fac. of Sci.,Tohoku Univ. 
Lectins are believed to play an important 
ilrole in nonself recognition in invertebrate, 
|The body surface mucus of land slugs, 
Incilaria fruhstorferi and I. bilineata 
agglutinated human A and B type erythro- 
cytes (HRBC) and caused hemolysis of only 
B type HRBC after 12h incubation. All these 
activities were specifically inhibited by 
N-acetyl-D-galactosamine (GalNac). By af- 
finity chromatography using GalNac-agarose 
column, all proteins and hemagglutination 
activities of I.fruhstorferi were not ab- 
jsorbed to the column but eluted in break- 
jthrough fraction. On the other hand, hemag- 
glutination activities of I.bilineata,were 
absorbed to the same column and eluted by 
0.1M GalNac. By SDS-PAGE analysis, the Gal- 
Nac fraction of I.bilineata was composed 
of mainly 15kDa protein and other minor 18 
16 and 13kDa proteins. The GalNac fraction 
as further purified with a reverse phase 
LPC and 15kDa protein was separated into 
two fractions (L15a,L15b). By N-terminal- 
equence analysis, 6 residues out of N- 
terminal 8 residues of L15a and L15b were 
identical, so these two are likely iso- 
lectins. we are now determining the se- 
ences of these proteins using protein, 
eptide and cDNA analysis. 


FUNCTION OF FIBROBLAST ON THE INTERNAL 
DEFENSE OF THE LAND SLUG 


K.Yamaguchil, E. Furuta? and A/Shimozawa* 


Liab. of Med. Sci. and 2nept. Of Anat., 


Dokkyo Univ. Sch. of Med., Tochigi. 


There are three morphologically dis- 
tinct hemolymph cell-types of the land 
slug, mamed Type I, II and III. Type 
I cell resembles a macrophage morphologi- 
cally and functionally, and the cell 
is capable of recognizing and ingesting 
foreign materials. However, the numbers 
of this cell are very few under nomnal 
conditions. Generally, the animals of 
open circulatory system lack the 
endotherial cells and the wall of the 
hemocoei is directly covered with the 
connective or muscular tissue. In the 
case of the land slug, they were also 
found to be lacking on the wall of the 
hemocoel, but Type I cell-like cells 
were intermittently lining the wall. 
When massive doses of yeast were injected 
into the hemocoel of the land slug, the 
mumber of Type I cells increased within 
a few hours in the hemocoel. This was 
caused by the lining cells protruding 
and detaching from the wall into the 
hemocoel. These results suggest that 
the cells concerned with internal defense 
of the land slug are originated from 
the connective tissue on the wall of 
the hemocoel. 


LEUCOCYTES IN THE ATRIUM OF THE MEDAKA, 
ORYZIAS LATIPES. 


H. Nakamura’ , §.Kikuchi’ and A.Shimozawa’. 

Dept. Of  Anate, "Dokkyo: Univ.’ “Scht »of 
Med., Tochigi, *Kominato Lab., Marine 
Ecosystems Res. Gtr., Fac. of Sci., Chiba 
Univ., Amatsu-Kominato. 


Little is known about endocytosis 
against foreign materials by the fish 
endocardial cells (ECs). Intraperitoneally 
injected carbon particles were taken up by 


ECs of medaka (Oryzias latipes), guppy 


(Poecilia reticulatus), and goldfish 
(Carassius auratus) but not of neon tetra 
(Paracheirodon innesi) and silver-tipped 
tetra (Hasemania nana). In the atriums 


with phagocytic ECs, leucocytes adhering 
to the ECs were observed. In the medaka, 
the types of adhesive leucocytes were 
histologically observed and they were 
distinguished mainly as lymphocytes and 
macrophages. In addition, an unknown type 
of leucocyte which had long filopodia 
extending between the ECs was often 


observed. Leucocytes penetrating the 
cytoplasm of ECs or residing in 
subendocardial spaces were also observed. 
These findings suggest the unknown 


communication between leucocytes and ECs 
as immunological reaction in fish. 
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SEA URCHIN REPRODUCTION -—FACTORS FOR CON- 
TRACTION OF SMOOTH MUSCLE OF THE GONAD WALL 
Takahashi, Ne; Hayakawa, Y.%% SaharajeHe?, 
Sato, N.*, and K. Kikuchi® 
‘Marine Biomed. Inst., Sapporo Med. Coll., 
Rhirifuji-cho, Hokkaido 097-01, ?Biol. Lab., 
inst.. of Low Temp, S14, bokkardo) Univ. , 
Sapporo 060, and *Depart. of Pathol., 
Sapporo Med. Coll., Sapporo 060, JAPAN bs 
Several factors induce smooth muscle 
contraction of the gonad wall in the sea 
urchin, such as electrical stimulus, acetyl- 


choline, ions (K* + Ca?*), ¥ -aminobutyric 
acid (GABA) and extracts from sea urchin 
organs. Three molecular species that cause 
contraction were found present in the intes- 
tine and designated as CF(I) of m.w. 3,800, 
Chil) ok =2, 000 and Ce Clin) orereO0Rs ek 
extracts from the gonad, the substances 
Similar to CF(I) and CF(III) and another 
contraction factor were found present. 

At the time of spawning, gonad smooth 
muscle is considered to induce rhythmical 
contraction under the control of a pace- 
maker. GABA and Ca?* are capable of this 
inducement. 


THE FINE STRUCTURE OF SPERMATOZOA OF THE 
HAGFISH, EPTATRETUS BURGERI (CYCLOSTOMATA) 
S. Morisawa’, S. Ooka? and M. Morisawa. ‘St. 
Marianna Univ., School of Med., Kawasaki, 
Atomi College, Tokyo, 3Misaki Marine 
Biological Station, Univ. of Tokyo, Miura. 


Testes obtained from the hagfish in June 
and in Oct. were used for the electron 
microscopical observation of spermatozoa. 
A mature spermatozoon consisted of head, 
midpiece and tail. The head was mostly 
occupied by the nucleus. At the anterior 
end of the head was a small cap-shaped 
acrosomal vesicle containing materials with 
varying electron density. An accumulation 
of subacrosomal substance was seen between 
the vesicle and the nucleus. Two centrioles 
were lying longitudinally at the side of 
the posterior region of the nucleus. The 
acrosomal vesicle membrane was in parallel 
to the plasma membrane at the apical region 
of the head. The midpiece had 4 long 
mitochondria which surrounded the axoneme 
longitudinally. Two of them, located at the 
opposite sides of the axoneme, seemed to be 
elongated nearly along the entire length of 
the axoneme. Preformed acrosomal rod was 


not observed. In the process of 
spermiogenesis, the acrosomal vesicle 
changed its shape and location. The 


formation of the slim shape of the nucleus 
was concurrent with the appearance of 
microtubules which encaged the nucleus 
diagonally to its axis and in parallel to 
one another. 


MORPHOLOGY AND IMP DISTRIBUTION OF SPERMA- 
TOZOA IN SOME FRESHWATER FISHES 

T. Ohta, T. Abe and T. Takeuchi. Dept. of 
Biol. Aichi Univ. of Educ., Kariya. 


In rose bitterling spermatozoa, aggre- 
gates of IMPs (Cintramembranous particles) 
in parallelogram-like shape were present 
in a portion of the sperm head in front of 
the site of centrioles (Ohta,’91). The 
present observations were conducted to in- 
vestigate the distribution of IMPs and 
whether the aggregates are common to sper- 
matozoa in some freshwater fishes or not. 
The five species of fishes studied were 
(1) goldfish, (2) loach, (3) flat bitter- 
ling, (4) sweetfish and (5) rainbow trout. 

Spermatozoa of these fishes were com-— 
monly devoid of an acrosomal structure. 
Round headed spermatozoa were in (1), 

(2) and (3). A mitochondrion was in sper- 
mMatozoa of (3), (4) and (5). Centrioles 
were situated at about 110° (70 ° ) in 
(1), (2) and (3), at a right angle in 
(5). The aggregates of IMPs were ob- 
served only in spermatozoa of (1) and 
(3). IMPs were evenly distributed on the 
head and midpiece in (1), (2) and (3). 
The order of the number of IMPs was (1) > 
(2) > (3). In (5), sperm heads were 
here and there dotted with groups of 
IMPs. IMPs on the PF surface were more 
than those on the EF surface in all 
species. In conclusion, the aggregates 
of IMPs are not common to spermatozoa 
in some freshwater fishes. 


FERTILITIES OF SPERM FROM CULTURED 
PRIMARY SPERMATOCYTES AND TESTIS FRAG- 
MENTS IN THE MEDAKA, ORYZIAS LATIPES. 
M. Matsumoto, I. Goto and K. Onitake. 
Dept.of Biol., Fac. of Sci., Yamagata 
Univ. Yamagata 990. 

We have reported that the primary 
spermatocytes of the medaka completed 
first and second meiotic divisions and 
produced quardruplets of round sperma- 
tids about 5 hours in vitso(lsgoF 
while in in vivo spermatogenesis, the 
time schedule from primary spermato- 
cytes to spermatids were about 5 days 
(Egami and Hyodo, 1967). It may be 
suggested that the time schedule of 
spermatogenesis is controlled by tes- 
tis constituting cells except spermato— 
genic cells. In order to claneryaeaese 
problems, the tesis fragments were cul— 
tured in L-15 medium supplemented with 
10% fetal calf serum containing BrdU(5 
Oug/ml), and spermatogenic process of 
BrdU incorporated cells was pursued by 
immunohistochemistry with anti-BrdU 
antibody. After 2 hr of culture, BrdU 
was incorporated into 50% of spermato- 
gonial cysts and 20% of spermatocyte 
cysts. Spermatids incorporated with 
BrdU were found after 5 to 8 days of 
culture. These results were coincident 
with that of in vivo. When insemina- 
tion experiments were carried out us- 
ing sperm from 10 days culture of sper-— 
Matocytes, and 15 and 20 days culture 
of testis fragments, about 50 to 30% 
of eggs were fertilized and developed. 
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FOUR AMINO ACIDS IN L-15 MEDIUM ARE 
NECESSARY FOR PROLONGATION OF SPERM 
LIFESPAN M.Terui, Y. Sugawara and K. 
enurtake. Dept. of Biol., Fac. of Sci., 
Yamagata Univ., Yamagata 990. 

When the medaka sperm were suspended 
and kept in L- 15 medium, their life- 
span was prolonged, and they had motil- 
ity and fertility over Sdays(Terui and 
Onitake '}90). We examined what compo- 
nents in L-15 medium are effective for 
the prolongation of sperm motility pay 
ing special attention to amino acids. 
Effects of various combination of 17 
amino acids were tested on prolonga- 
tion of sperm motility and it became 
apparent that if L-Alanine, L-Aspara- 
gin, L-Cysteine and L-Glutamine, of 17 
amino acids were contained in based 
salt solution of L-15 medium, it's so- 
lution had the same effects as L-15 
medium on prolongation of sperm motil- 
ity. 13 amino acids except above 4 
amino acids had no effects. Using 
these sperm dilution system suspended 
in L-15 medium, we tried to inseminate 
the medaka eggs in vitro and analyze 
the relationships between sperm number 
and fertilization rate. The medaka 
eggs were fertilized normally by the 
insemination of 4X10*/ml sperm. When 
they were insemi nated with diluted 
sperm below 4x10*/ml, they were ferti- 
lized normally, but they required long 
times for fertilizations. It was sug- 
gested that the attachments between 
sperm and eggs necessiated for fertil- 
ization were by chance. 


DIFFERENTIATION FROM SPERMATOGONIA TO 
PRIMARY SPERMATOCYTES BY FSH IN _ ORGAN 
oe OF TESTES FRAGMENTS FROM CYNOPS . 
an lh) rm waaeeee Snes ae 
~ re Dept. of Biol. ge Fag- 
Sci., Kumamoto Univ., Kumamoto, 
of Biol., Waseda Univ., Tokyo. 
Addition of only FSH induces 
differentiation from secondary 
spermatogonia to primary spermatocytes 
in organ culture of testes fragments 
from Cynops, whereas LH, testosterone or 
5ea-dihydrotestosterone was negative 
(Ann. Meet. Dev. Biol. 1991). 

In this study, binding of FSH and 
LH to newt testes was examined by 
radioreceptorassay. Ovine and rat FSH 
coppetitively inhibited the binding of 

IJoFSH to testes rich in chives ere 
gonia but oLH did not. Ovine prot t 
did not inhibit the binding of aaa 
to testes. These results Sipe that 
OFSH specifically binds to receptors in 
newt testes but oLH does not. 

Electron microscopic observation 
Showed that in culture without FSH 
spermatogonia attached closely with 
Sertoli cells and spermatogonia. When 
FSH was applied, space was observed 
within a day between the cells. These 
results indicate that FSH affects’ the 
interaction between spermatogonia and 


eae. 


Sertoli cells and spermatogonia, 
inducing proliferation of spermatogonia 
and differentiation to primary 


spermatocytes. 


1065 


HOW IS THE FLAGELLAR LENGTH OF MATURE 
SPERM DETERMINED? V. INITIAL RATE OF 
FLAGELLAR GROWTH IN CULTURED SECONDARY 
SPERMATOCYTES AND ROUND SPERMATIDS FROM 
CYNOPS AND XENOPUS. 
S. ABE and M. Uemura. Dept. of Biol. 
SGis; Bac.) Gf) Scixss Kumamoto Unive, 
Kumamoto. 

We have shown that the difference 
in the period of flagellar growth 


between Cynops and Xenopus may be due to 
the difference in the stability of 
tubulin MRNA between the two 


species(Ann. Meet. Zool. Soc. 1990). 

In this study, we examined the 
initial growth rate of flagella to see 
the reasons for the difference in the 
growth rate of flagella between the two 
species. Up to 12hr following the second 
meiotic division, the initial growth 
rate of flagella in round spermatids 
from Cynops and Xenopus and in secondary 
spermatocytes from Xenopus was’7 almost 
the same. The initial growth rate was 
Similar in the presence and absence of 
cycloheximide(CH). After L2hr, the 
growth rate ef flagella in Cynops' round 
spermatids was remarkably higher’ than 
that in Xenopus spermatids’ and CH 
suppressed the flagellar growth in both 
species. These results indicate that the 
difference in the growth rate beyond 
12hr in round spermatids is contributed 
by the difference in the rate of 
synthesis of flagellar proteins. 


STABILITY OF MANCHETTE (MICROTUBULE 
BUNDLES) IN NEWT ELONGATE SPERMATIDS.III. 
Y. Mazaki, K. Hashimoto and S. Abe. 
Devise oacOtaeorow. ogsedicjo Pac. of Sci. 
Kumamoto Univ., Kumamoto. 

We have previously shown that 
manchette structure in newt elongate 
spermgtids is resistant to the treatment 
of Ca and low temperature (Ann. Meet. 
Z068. -Sec.,;.. 990). 

In this study, low temp-resistant 
microtubules in elongate spermatid-rich 
testes were stabilized by taxol and 1M 
NaCl Sup was extracted. It was examined 
i the Sup promotes the polymerization 
of purified porcine brain tubulin and 
confers the low temp-resistance. 

In a condition in which’ tubulin 
does not polymerize spontaneously, 1M 
NaCl Sup promoted polymerization of 
tubulin at Byer? Er ang resisted 
depolymerization at 0°C in a dose- 
dependent manner. Electron microscopic 
observation by negative staining showed 
that polymerized microtubules with 1M 
NaCl Sup were decorated with some fuzzy 
materials and were relatively short in 
length. These results indicate that 1M 
NaCl Sup contains MAPs which’ promote 
tubulin polymerization and confer the 
resistance against tubulin depolymeri- 
zation. SDS-PAGE of the precipitate of 
copolymerized microtubules with 1M NaCcl 
Sup indicates that 76K and 59K are 
candidates for the MAPs in elongate 
spermatids. 
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CLONING OF cDNA FOR A XENOPUS' SPERM- 
SPECIFIC BASIC NUCLEAR PROTEIN (SP5). | 
N. Ariyoshi, H. Hiyoshi and S. Abe. 
Dept. Of °BLole9SeIr., “hace Of e5Ci.,, 
Kumamoto Univ., Kumamoto. 

We previously isolated a cDNA clone 
for SP4 which is one of the 6 SPs-~ from 
Xenopus. Northern blotting has shown 
that SP4 mRNA is expressed in primary 
spermatocytes but is stored until round 
spermatid stage where it is translated 
(Exp. Cell Res., 1991). 

In this study, we have isolated a 
cDNA clone(pXSP633) by plaque 
hybridization, using SP4 cDNA _ as a 
probe. The predicted amino acid sequence 
accorded with the sequence from N- 
terminus to the 43rd amino acid of SP5 
which was purified by HPLC. So, we 
identified this clone for SP5. Partial 
amino acid analysis of all SPs_ purified 
by HPLC indicates that mRNAs for SPI and 
2 are identical and mRNAs for SP3, 4 and 
6 are identical. Northern hybridization 
in a stringent condition showed that 
MRNA for SP5 is also expressed in 
primary spermatocytes. mRNA size 
increased by 100-200bp when primary 
spermatocytes differentiated to round 
spermatids. 3' untranslated region of 
SP5 contains, as well as SP4 does, the 
region of which nucleotide sequence is 
homologous to that in mammalian 
protamine which is suggested to be 
responsible for the translational 
regulation. 


CHANGES IN CALCIUM TRANSPORT ACTIVITY 
DURING SPERM MATURATION. 

N.Okamura, A.Fukuda, M.Tanba, Y.Sugita and 
T.Nagai*. Inst. of Basic Med.Sci.,Univ. of 
Tsukuba, Tsukuba, *Natl.Inst. of Animal 
Prod., Tsukuba. 


In the sequences of the functional 
maturation of mammalian sperm, Ca has 
been suggested to play a key pole, but the 
biochemical mechanisms gf Ca transport 
and regulation of [ Ca i vane? poor ly, 
understood. In this _paper, several basic 
properties of the Ca transport across the 
plasma membrane of porcine cauda epididymal 
sperm were studied in relation to the sperm 
maturation. Ca uptake by sperm is not 
dependent on the BK des t! but highly 
dependent on energy metabolism. Verapamil, 
SITS and NH,Cl inhibit the Ca “" influx, 
Both Na’-dependent and —independent Ca t 
efflux pathways were observed. It was found 
that along with epididymal spern 
maturation, the activity of Ca uptake 
increased. The total efflux activities do 
not change during epididymal transit, but 
Na -independent activity is laggely 
reduced. It was also found that La ; 
potent Ca antagonist, enhances Ca 
uptake by inhibiting the efflux at lower 
concentration than 1imM, though at higher 
concentration, it inhibits influx itself. 
25uM La was found to enhance acrosome 
reaction and subsequent sperm pene}ration 
into oocytes by increasing { Ca Daa 
whereas basal [ Ga ]; was not changed 
before and after capacitation. 


2¢ 


RAT GERM CELL Ca*+-BINDING PROTEIN (CalBP) 


- LOCALIZATION AND PHYSIOLOGICAL ROLE - 


M. NAKAMYRA_ , Kes MATSUDA? , K. AOKI? , 


S: OSHIO , S. OKINAGA and K. ARAI . 
Dept. of OB/GYN, ~Dept. of Urol., Teikyo 
Univ., Tokyo, “Dept. of Educ., Waseda Univ. 

Tokyo. 


Rabbit antisera to a calcium-binding 
protein (CalBP) purified from rat spermato- 
genic cells immobilized mouse sperm, and 
inhibited. fertilization in, vitronesns 
antigen was localized on the developing 
acrosomes during spermiogenesis and on the 
acrosome region of mature sperm. The CalBP 
may play very important roles in the 
formation of acrosomes in spermiogenesis, 
and in sperm motility. 


SPERM-UTERINE EPITHELIUM RELATIONSHIPS DURING 
SPERM STORAGE AND LOCALIZATION OF ZINC WITHIN 
THEIR CELLS IN THE JAPANESE HOUSE-DWELLING 
BAT, PIPISTRELLUS ABRAMUS. 

T. Mori, Lab., Fac. Agr., Kyushu Univ., Fuku- 
oka 


In bats soon after copulation, large num- 
bers of spermatozoa were present in the uter- 
ine lumen, and the endometrial epithelial 
cells were crowded with spermatozoa. The sperm 
heads were in close contact with epithelial 
microvilli covered by well-developed fuzz 
filaments, and the filaments were coloured 
faint blue with totoluidine blue (pH 7.4). 

In hibernating bats, the fuzz filaments 
were stained pink with toluidine blue (meta- 
chromasia), which indicates that there is a 
change in the amount or functional activity of 
the fuzz filaments with a strong affinity for 
ruthenium red, performic acid-phosphotungstic 
acid and cationized ferritins. 

Distribution of zine in the sperm-storing 
uterus of hibernating bats was examined. Zinc 
was present on the epithelial plasma membranes 
except for the surface of microvilli and on 
mitochondria of spermatozoa. Perhaps such zinc 
prevents the premature capacitation of over- 
wintering spermatozoa. 
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THE EFFECT OF GROWTH FACTORS ON MOUSE 
OOGONIAL SURVIVAL. 
K.Hashimoto,E.Kawase,T.Mitani and N. 
Nakatsuji. Div. of Dev. Biol.,Meiji Inst. 
of Hith. Sci., Odawara. 

The mechanism regulating the survival 
and/or proliferation of oogonia is unknown. 
We seek the in Vitro condition of oogonial 
proliferation. Recently we found that Buf- 
falo rat liver cell-conditioned medium(BR 
LM) could promote the survival of mouse 
ocogonia when cultured with somatic cells 
derived from fetal ovaries. Oogonia and 
somatic cells were obtained by dissociat- 
ing the ovaries of 12.5 dpc fetuses. To 
identify the factor(s) involved in the 
Survival of oogonia in BRLM, growth factors 
produced by BRL cells (IGF-IL,TGFA,LIF and 
soluble SCF) and others (IGF-I,PDGF,CSF, 
Inhibin and ActivinA) were solely added in 
unconditioned ES cell medium. Antibodies 
against growth factors(TGFS, bFGF and EGF) 
were also added in BRLM. After 2 days in 
culture, cells were detached, fixed and 
cogonia identified by APase reaction were 
counted. These antibodies were not effec- 
tive for the survival. IGF-I,-I ,PDGF,CSF, 
TGFA,,-A,and Inhibin were not essential for 
the survival. We could not assure whether 
Activin A and SCF were effective due to 
small number of samples. LIF(10? and 10* 
unit/ml) was the most effective, but not 
so strong as BRLM. It seemed that other 
unknown or known factor(s) might be in- 
volved in the survival and/or prolifera- 
tion or combined with LIF. 


IN VITRO RECONSTITUTION OF MOUSE FETAL 
OVARIES COMBINING DISSOCIATION-REAGGRE- 
GATION METHOD AND ORGAN CULTURE. 
M Noguchi and H.Terauchi. Dept. of Biol., 
Fac. of Sci., Shizuoka Univ., Shizuoka. 
ouse oocytes iniciate meiosis in 

fetal ovaries and progress to dictyate 
stage in primitive follicles during early 
postnatal life. In order to analyse the 
interaction between oocytes and somatic 
environment in these early stages of oogen- 
esis, we developed a simple system for in 
vitro ovarian reconstitution combining the 
dissociation-reaggregation technique and 
the organ culture. Ovaries of 13.5-16.5 
days embryos were dissociated into single 
celis. Then, these cells were reaggre- 
gated by hanging drop culture (Noguchi and 
Kawase, 1990). The resultant reaggregates 
and intact fetal ovaries as controls were 
organ cultured by the roller tube method 
during 3 or 6 days. Histological obser- 
vations showed that 6 days-organ cultured 
reaggregates have developed many primitive 
follicles in which oocytes have entered 
dictyate stage. We conclude that dis-— 
sociated-reaggregated fetal ovaries are 
reconstituted in vitro to early postnatal 
ovaries, not using ovarian transplantation 
, and that this system combining ovarian 
aggregation and reconstitution in vitro 
might be useful for analysing oogenesis 
from many kinds of view points. 

Supported by the Sci. and Tech. Agency, 
using the Special Coordinating Funds. 


OOGENESIS OF PELMATOHYDRA ROBUSTA-II. 
K. Noda and C. Kanai. Dep.of Ultrast. Res. 
Tokyo Metropolitan Inst. of Gerontol. 
SEE AE RR Se Ee 
At the early stage of oogenesis of P. 
robusta, many oocyte-groups appeared among 
the oogonia. Only one cell in the oocyte- 
group located in the central part of cell 
population became to be closely associated 
with the base of epithelial cell resulting 
in rapidly growth.(Noda and Kanai '90). 
When the one oocyte was closely associ- 
ated with the epitheial cell, many similar 
stage-oocytes was recognized near the base 
of epithlial cells in the same cell popu- 
lation. The growing oocyte is suggested to 
be selected by the epitheilal cell. After 
one oocyte was connected with the epithe- 
lial cell, other epitheial cells near the 
preferred oocyte were loosened their junc- 
tion at the base, and numerous glycogen 
particles and other nutriment passed out 
from (or through) mesoglea into the epi- 
dermis. When the preferred oocyte was rel- 
atively smaller, the most of nutriment was 
scattered among other germ line cells in 
the epidermis and was taken by the cells. 
To grow larger, the growing oocyte became 
to take directly the greater amout of nu- 
triment passing through mesoglea. During 
the course of the event, the base of epi- 
thelial cells was broken (taken by the 
growing oocyte) and the growing oocyte 
became to touch directly mesoglea. Thus, 
the growth of the preferred oocyte largely 
depends on the direct supply of nutriments 


through mesoglea besides nursing cells. 


IMMUNOELECTRON MICROSCOPIC STUDY OF THE 
GERM CELLS IN AN ASCIDIAN, CIONA 


SAVIGNYI. 


T. Okada and M. Yamamoto 
Ushimado Marine Lab., Okayama Univ., 
Ushimado, Okayama. 


We have obtained a monoclonal antibody 
(MAB) that specifically recognizes male 
and female germ cells in Ciona savignyi 
and C, intestinalis (Okada and Yamamoto, 
1989). In order to elucidate the early 
phase of the germ cell differentiation in 
the ascidian gonads, we examined the 
gonads of C, savignyi by immunoelectron 
microscopic technique using this MAB. 

The MAB stained the cell surface and 
the Golgi complex of germ cells. In the 
ovary, the small oocytes and more 
immature germ cells located in the cell- 
aggregated region of the germinal 
epithelium were recognized by the MAB. 
Among the immature germ cells some cells 
were very dark in the cytoplasm and 
irregular in outline. We consider’ the 
dark cell the earliest germ cell 
detectable with our MAB, 

In the testis, the MAB recognized the 
mature sperm, spermatocytes and more 
immature germ cells. The cells with very 
dark cytoplasm and an irregular outline 
were also present among these immature 
germ cells and may be the the earlest 
cells detectable in the sperm 
differentiation. 
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MONOCLONAL ANTIBODIES AGAINST OVARY 
ANTIGENS OF THE ASCIDIAN, C. intestinalis. 
K. Takamura , Y.Ueda , U. Irie , K.yoshida, 
K. Bandoh and Y. Yamaguchi. Dept. of Bio- 
tech., Fac. of Tech., Univ. of Fukuyama, 
Fukuyama. 


To study germ cell differentiation, we 
tried to prepare monoclonal antibodies 
against ovary antigens of C. intestinalis. 
Monoclonal antibodies were classified four 
categories, according to cell types and 
structures recognized in the ovary. 

Monoclonal antibodies, UA464 and UA165 
recognized test cells embedded on the sur— 
face of oocytes. 

UA349 and UA188 recognized follicular 
cells around oocytes. 

UA424 reacted young oocytes. This recog- 
nized pattern were Similar to that of mono- 
clonal antibody M32a, which were specified 
to germinal granules of C.elegans and had 
been founded to crossreact in the ovary of 
C. intestinalis. 

: and UA249 reacted various 
membranes in the ovary, respectively. 

These antibodies reacted too in the 
testis, except UA165. All antibodies cross-— 
reacted in the ovary of C.savgnyi. But 
some antibodies recognized different stru- 
ctures. 


DIFFERENTIATION OF GERM CELLS DURING 
EARLY DEVELOPMENT OF THE STARFISH, 
ASTERINA PECTINIFERA. 

C. Inoue!.2, M. Kiyomoto! and H. Shirai!. 
1Ushimado Marine Laboratory, Okayama University, 
Okayama, 2Lab. of Reprod. Biol., Natl. Inst. for Basic 
Biol., Okazaki. 

As reported previously, in brachiolariae and newly 
metamorphosed juveniles of A. pectinifera germ cells with 
electron microscopical characteristics are localized as a 
cellular cluster in the coelomic epithelium near the 
hydroporic canal. The cluster can be detected first in 4- 
week brachiolariae. 

For further studies of differentiation of germ cells within 
the cluster and establishment of the haemal sinus, the cluster 
of juveniles of 1 to 6 mm in diameter were examined. 
Electron microscopic observations detected clear 
discrimination between germ cells and somatic cells within 
the cluster and complete formation of the surrounding 
haemal sinus in the juveniles during the stage of 2 to 3 mm 
in diameter. 

We further traced the origin of germ cells. A pouch-like 
structure, the posterior enterocoel of early bipinnaria, which 
is recognizable only during 2 days (from 2 to 3 days after 
insemination) as an isolated structure from the two (right and 
left) ordinary coelomic pouches and soon joins the left 
coelomic pouch, was removed microsurgically 2 days after 
insemination and the number of the germ cells were counted 
in brachiolariae. The result, 4.3 that was significantly smaller 
than 12.3 in the control (without operation), strongly 
suggested that the germ cells originate from the structure, the 
posterior enterocoel, of early bipinnariae. 


SPLICING OF THE P-ELEMENT IN POLE CELLS 
DURING EMBRYOGENESIS OF DROSOPHILA 
MELANOGASTER 

S. Kobayashi, T. Kitamura, M. Okada. Inst. 
SHON Serle 5 WiitMe OF LAURIN, TSswilkulac. 

It has been reported in adults that 
the third intron of the P-element is 
sip liicied Tout ion ly > a nit hie gleams lane ainO 
detect the splicing activity, we designed a 
histochemical assay (us lUngmalacZueissea 
reporter gene. The lacZ gene was inserted 
into the downstream of the third intron, 
and a heat shock promoter was substituted. 
In the transformant with the fusion gene, 
any cells in which the third intron of the 
P-element was spliced out can be visualized 
with heat treatment and X-gal staining. The 
splicing activity in the germ line showed 
developmental changes, and a higher 
activity was detected in the pole cells 
during their migration to embryonic gonads 
(5-8 hr after egg laying). Interestingly, 
only a small fraction of pole cells (5-10 
among 30-60 pole cells) had the splicing 
AGI WW ie and those pole cells are 
preferential in penetrating embryonic 
gonads. Taking into account that only part 
of pole cells can penetrate embryonic 
gonads to differentiate as germ cells, this 
results suggest that the splicing machinery 
has an important role in development of 
pole cells into germ cells. The splicing 
machinery may be used for processing not 
only Pelee nity) timalnis’c palpi smapiUstcelasto 
transcripts from genes of which function is 
required for germ-line differentiation. 


THE DEFICIENCY OF PRIMORDIAL GERM CELLS 
(PGCs) CAUSED BY ter GENE IN ter CONGENIC 
MOUSE EMBRYOS. 

M.Noguchi, T.Kobayashi. Biol.Inst., Fac.of 
Seite 5 Sout AVOlkey, Wowie « Sari Zwolle 

The recessive mutant gene ter causes 
germ cell deficiency, accompanied by 
testicular teratocarcinogenesis in ter/ter 
genotype in 129/Sv-ter mice. This sterili- 
ty bases on the deficiency of primordial 
germ cells (PGCs) at 9-12.5 days post 
Go1cum (dipe)) (Zool. Seis Zo Glee Gone 
Testicular teratomas are derived from very 
small numbers of PGCs around 12.5 dpc. On 
the other hand, gene ter causes germ cell 
deficiency, not accompanied by testicular 
teratomas in ter congenic strains such as 
LTXBJ-ter, C57BL/6J-ter, C3H/HeJ-ter. 

In order to analyze the developmental 
bases of the expression of ter gene in ter 
congenic mice, the number and locations of 
PGCSs was examined in 9-13.5 dpc embryos 
from matings of +/ter x +/ter in LTXBJ-ter 
mice. PGCs were identified by alkaline 
phosphatase staining in complete serial 
resin (Technovit 7100) sections. 

Though PGCs were located in normal 
sites, two distinct populations of embryos 
were observed at each stage. In one , the 
numbers of PGCs increased normally, in the 
other, totals remained very low. The latter 
would be ter/ter genotypes. It was con- 
cluded that gene ter causes PGCs deficiency 
at 9-13.5 dpe in ter/ter in ter congenic 
mice as in 129/Sv-ter mice and that terato- 
ma formation in ter/ter in 129/Sv-ter is 
due to not only ter gene but other genetic 
IEEY@ Boel S})) 
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EFFECT OF UV IRRADIATION ON THE FORMATION 
OF PRIMORDIAL GERM CELLS (PGCs) IN XENOPUS 
LAEVIS. 


¥. Ogisol, and M.Kotani2. Ilpept. of Biol., 
Osaka Kyoiku Univ., Osaka, 2Dept. of Nat. 
Sci., Osaka Women's Univ., Sakai. 


We reexamined whether sterile tadpoles 
derived from UV-irradiated eggs became to 
have PGCs at later stages of larval devel- 
Opment in Xenopus laevis. Tadpoles com- 
pletely lacking PGCs at stage 47> (a lit- 
tle earlier stage than stage 47 in Nieuw- 
koop & Faber's table) were obtained by ir- 
radiating the vegetal half of early 2-cell 
eggs with UV (wave length, 254nm; dose, ca. 
5000erg/mm2) . 

Tadpoles developed normally from the 
irradiated eggs were fixed at stages 47-7, 
49, 5U, 51 & 52, and their PGCs were 
searched in the genital ridges or primitive 
gonads. At all stages examined after stage 
47- , PGCs did not reappear within the fu- 
ture gonads of irradiated tadpoles. 

The results seem to indicate that the 
sterility occurred in stage 47~ tadpoles, 
under the present condition of UV irradia- 
tion, is not due to delayed migration of 
PGCs, but to inactivation of "germ cell 
determinant" by UV irradiation. 


MONOCLONAL ANTIBODIES AGAINST GERM PLASM 
IN XENOPUS 

K.Itoh, M.Watanabe, H.Toya, K.Nishiguchi, 
M.Furusawa, K.Ikenishi'. Furusawa 
MorphoGene Project, ERATO, JRDC, Tsukuba, 
‘Dept. of Biology, Fac. of Science, Osaka 
City Univ., Osaka. 

In order to study germ cell development 
at the molecular level, monoclonal 
antibodies were raised against isolated 
germ plasm of Xenopus. Vegetal pole 
cytoplasm of 16-32 cell stage embryos was 
sucked out, put on a sucrose bed and 
centrifuged. Germ plasm was enriched 
at the original interphase between the 
sucrose bed and vegetal cytoplasm. We 
raised monoclonal antibodies against this 
enriched germ plasm. 

Many antibodies were obtained that 
recognize germ plasm in polyester wax 
sections. Immunoelectron microscopy of 32 
cell embryos showed that 3 of the 
antibodies bound to mitochondria and 5 of 
them bound to mitochondria and germinal 
granules. These antibodies recognized 
mitochondria not only in germ plasm but 
also in other cytoplasmic regions. 6 out 
of the 8 antibodies recognized protein 
antigens on Western blots. By comparison 
of the blots patterns, these were found to 
recognize different epitopes. 

These results indicate that some 
antigens are common to mitochondria and 
germinal granules, suggesting that there 
is some interaction between these two 
structures during germ cell development. 


PRODUCTION OF MONOCLONAL ANTIBODY AGAINST 
XENOPUS PRIMORDIAL GERM CELLS. 
M.Watanabe,K.Nishiguchi,M.Furusawa. Furusawa 
MorphoGene Project,ERATO, JRDC, Tsukuba. 


In order to obtain markers for the germ 
cell differentiation, we attempted to produce 
monoclonal antibodies against Xenopus 
primordial germ cells(PGCs) by immunization 
of genital ridges containing PGCs isolated 
from tadpoles(stage 46-47). An antibody 
(mamed No.14-5), which was IgM class, reacted 
with the surface of PGCs. However, the 
antibody also reacted with some other tissues, 
that is, the embryo surface, the gut lumen, 
the extracellular matrix between the neural 
tube and the notocord and the outersegment of 
cone photoreceptor in the retina. No.14-5 
antibody reacted with the surface of PGCs 
between stage 40 and 50. During this period, 
PGCs migrate along the dorsal mesentery to 
the dorsal body wall and then cease migrating. 
No.14-5 antigens oof PGC surface’ were 
sensitive to protease, but insensitive to 
periodate treatment and  endoglycosidase, 
Suggesting that the epitope might’ be 
polypeptide. And Western blotting of tadpole 
extract showed the diffused band with 
apparant molecular weight more than 100,000. 
These data suggest that No.14-5 antigens may 
be highly glycosilated glycoproteins or 
proteoglycans. 


IMMUNO-LOCALIZATION OF VASA-LIKE PROTEINS 
IN GERM LINE CELLS OF XENOPUS EMBRYOS. 
K.Ikenishi, M.Watanabe Ke ftone, K. Abe“, 
T.Akizawa and M.Furusawa . Dept. of Biol 
Fac. of Sci., Osaka City Univ., Osaka and 
Furusawa MorphoGene Project, ERATO, JRDC, 
Tsukuba. 

In order to investigate whether a vasa- 
like protein is present in germ line cells 
of Xenopus, antibodies were produced which 
react specifically with synthetic oligo- 
peptides of sequences from near the N- or 
C-termini or with one including the DEAD 
box of the Drosophila vasa protein. 

Only the antibody against the peptide 
including the DEAD box reacted strongly 
with germ plasm (GP) or with cytoplasm of 
germ line cells of Xenopus embryos by immu- 
nofluorescence microscopy. By immunoelect- 
ron microscopy, the antibody was demonstra- 
ted to react with the GP-specific structure 
, germinal granules, in cleaving embryos 
and their derivatives of the germ line 
cells in embryos beyond the gastrula stage. 
It also reacted with mitochondria and myo- 
fibrils. By immunoblotting, the antibody 
was shown che react with several bands of Mr 
42-69 x 10° in protein samples from Xenopus 
embryos. In samples from Drosophila ova- 
ries, it reacted with a Mr 71 x 10° band 
which was probably the vasa protein. 

This indicates that Xenopus embryos con- 
tain several DEAD family proteins. One of 
these is present on germinal granules, re- 
sembling the vasa protein on polar granules 


of Drosophila. 


he 
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IN VIVO STUDY OF VITELLOGENIN-GOLD TRANS-— 
PORT IN THE OOCYTE OF XENOPUS LAEVIS. 

Ne Yoshizaki.” “Dept. on Biol. ,, Gutu Una... 
Gifu. 


I describe the route of injected vitel- 
logenin(VTG)-gold transport in the develop- 
ing oocytes in Xenopus. In the peripheral 
cytoplasm of vitellogenic oocytes at stage 
IV, compartments relating to yolk formation 
seemed to be segregated:(a) Internalization 
compartment consisting of coated pits and 
coated vesicles of the oolemma covering the 
egg macrovilli, (b) concentration compart- 
ment of endosomes and multivesicular endo- 
somes (MVE) inside the macrovilli, and (c) 
cleavage compartment of primordial yolk 
platelets (PYP) in the sub-cortical cyto- 
plasm. The gold particles appeared in the 
internalization and concentration compart— 
ments within 3 hr after a tracer injection, 
and in the cleavage compartment within 18 
hr. The VIG, internalized by receptor- 
mediated endocytosis, was transferred from 
coated vesicles to MVEs by vesicle-to- 
vesicle fusion, during which the VIG was 
concentrated. The VTG cleavage took place 
in globular-shaped PYP of about 1 um. The 
cleavage and resultant yolk crystallization 
were manifested by perforation of the ma- 
trix by yolk-free tubular cavities sur- 
rounded by randomly oriented striation in 
the matrix. At 24 hr after the tracer in- 
jection, the gold particles appeared in 
perfectly erystallized yolk platelets, 
where they were clustered in the superfi- 
cial layer. 


IMMUNOELECTRON MICROSCOPIC LOCALIZATION OF 
VITELLOGENIN IN THE TILAPTA OVARY 
J.L.Speckerl, H.Ueda?, M.Kishidal, Y.Naga- 
hama3. lpbdept. of Zool., Univ. of Rhode 
Island, USA, “Toya Lake Stat. for Environ. 
Biol, wfac. (Of Usha ehoOkKal dom sUmasve.y, 
Abuta, 2lab. of Reprod. Biol., Nat. Inst. 
for Basic Biol., Okazaki. 

Immunoelectron microscopic localization 
of tilapia vitellogenin was examined in 
Ovaries of two species of tilapia 
(Oreochormis mossambicus and O. niloticus) 
using a rabbit antiserum raised against 
tilapia (QO. mossambicus) vitellogenin. 
Immunogold electron microscopy of 2% 
paraformaldehyde-1% glutaraldehyde-fixed 
and Lowicryl K4M-embedded oocytes showed 
specific immunoreactions in endocytotic 
vesicles of 50-100 nm in size, yolk 
Granules of 200-400 nm in size and yolk 
globules of 2-10 pm in size, but neither 
in yolk vesicles (cortical alveolus) nor 
oil droplets. Immunoreactive gold 
particles were also observed in the lumen 
of capillaries located in the theca cell 
layer and microvilli penetrated into the 
chorion. These results suggest that 
vitellogenin is transported by blood 
stream to the theca cell layer and then 
Migrates to oocyte surface along 
microvilli. On the surface of oocytes, 
vitellogenin is absorbed by endocytosis 
and increases in size by fusion from 
endocytotic vesicles to yolk globules. 


YOLK ABSORPTION AND CHARACTERIZATION OF 
YOLK SPHERE OF MEDAKA, ORYZIAS LATIPES 
M.Murakami, I.Iuchi and K.Yamagami. 

Life Sci. Inst., Sophia Univ., Tokyo. 


Yolk syncytial layer(YSL) is considered 
to be important for yolk protein metabolism 
in teleost species. We observed develop- 
mental changes of YSL of medaka, Oryzias 
latipes, by transmission electron micro- 
scope. After day 3 of development(stage of 
retinal pigmentation) on, yolk was actively 
absorbed into YSL and metabolized. On the 
other hand, yolk phosphoproteins are found 
to be metabolized in day 2 embryos. Thus 
it is conjectured that yolk phosphoproteins 
are degraded in yolk sphere itself before 
absorption into YSL. 

To ascertain this hypothesis, we isolated 
yolk sphere and examined its role in yolk 
metabolisn. Observation by transmission 
electron microscope revealed that the yolk 
sphere had a single membrane enveloping 
yolk mass. Acid phosphatase participating 
in yolk phosphoprotein metabolism in O. 
latipes existed in the yolk sphere and most 
of the activity was inhibited by tartrate 
which was an inhibitor of lysosomal acid 
phosphatase. Relative activity of acid 
phosphatase in yolk sphere was about 75% of 
the activity of whole embryo. Considering 
these results, it is possible to suggest 
that yolk is a lysosome itself or a struc- 
ture originated from lysosome(s). 


ACCUMULATION OF VITELLOGENIN IN THE EGG OF 
THE GUPPY,POECILIA RETICULATA 

R. Horil, V. Phang, T. J. Lam*. ‘!0Ogaki 
Women's College, Dept. Zool., National 
Univ. of Singapore 

Immunolabelling technique was applied to 
electron microscopical investigations on 
the incorporation of vitellogenin, a pre- 
cursor of yolk substance into the oocyte 
of the guppy, Poecilia reticulata. Highly 
purified vitellogenin was used as an im-— 
Munogen to obtain rabbit antivitellogenin 
antibody.Immunoglobulin (IgG) fraction was 
prepared by precipitation of the antiserum 
with 50% of ammonium sulfate followed by 
gel filtration through Toyopearl HW55S 
column chromatography. The oocytes were 
incubated in diluted solution of the im- 
munoglobulin with phosphate buffer (pH; 
7.2) after immersing in bovine serum 
albumin. They were then fixed with 1% gul- 
taraldehyde and 2% paraformaldehyde after 
incubation in protein A-gold colloid and 
embedded in Epox 812 mixture. Protein A- 
gold colloid reacted to antivitellogenin 
antibody was scattered not only in the 
Space between the chorion and granulosa 
but also in the perforations of the 


chorions. Afterwards, the colloid was 
found in cytoplasmic layer of the egg 
cortex. The vitellogenin which might be 


produced in hepatic cells and carried to 
the ovary by blood stream could penetrate 
in cytoplasm of the egg cortex passing 
through theca, granulosa and perforations 
of the chorion, respectively. 
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EFFECTS OF HORMONES ON VITELLOGENIN 
INCORPORATION INTO OOCYTES OF THE RAINBOW 
TROUT (Oncorhynchus mykiss) IN VITRO 
N. Shibata, M. Yoshikuni, and Y. Nagahama. Lab. of Reprod. 
Biol., Natl. Inst. for Basic Biol., Okazaki 

The effects of medium vitellogenin (VTG) concentration and 
various hormones on >*P-VTG incorporation into follicle-free 
oocytes of rainbow trout were investigated using an in vitro 
assay system. VTG incorporation increased with increasing 
YTG concentration and was not saturated even at the highest 
concentration examined (35 mg/ml); at this concentration, an 
oocyte incorporated 314 ug of VTG/ 24 hrs. Insulin and T, at 
100 ng/ml significantly increased VTG incorporation. In 
contrast, other hormones tested including salmon growth 
hormone, prolactin, GTH-I, GTH-II, T,, testosterone, 
estradiol-17B, and 17a,20B-dihydroxy-4-pregnen-3-one 
were found to be ineffective. At concentrations lower than 
50 ng/ml] , insulin showed no significant effect. At higher 
concentration (up to 10 ug/ml), insulin stimulated VTG 
incorporation. Insulin did not affect '*C-inulin uptake, 
confirming the specific effect of insulin on VTG uptake. 
Specific **P-VTG binding to crude membrane preparations 
from rainbow trout vitellogenic oocytes was obtained, 
reaching a binding plateau after 60 min of incubation. Taken 
together, these findings suggest that VTG incorporation in 
rainbow trout oocytes is regulated by receptor-mediated 


endocytosis. 


A NOVEL CHROMOPROTEIN DETECTED IN THE 
OVARY OF ASTHENOSOMA IJIMAI. 

Y, Yokota. Biol. Lab., Aichi Pref. Univ., 
Nagoya, 


A novel protein, which shows a maximum ab- 
sorbance at 385 nm, was found in the ovary 
of A. tgjimai and partially characterized. 
This protein, however, was not detected in 
the testis. The occurence of this protein 
was not confirmed in the ovary of other 1l 
species examined, Hemicentrotus pulcherri- 
mus, Anthocidaris crassispina, Diadema se- 
tosum, Glyptocidaris crenularie, Temnopleu- 
rus hardwicki, Toxopneustes pileolus, 
Strongyrocentrotus nudus, S. intermedius, 
Echinostrephus aciculatus, Echinometra 
mathaeit, Echinocarditum cordatum. Vitello- 
gen and vitellogenin were not observed in 
the ovary of A. ijimai. On the other hand, 
vitellogen and vitellogenin were dominant 
proteins in the ovary of other 11 species. 
Molecular weight of the protein was esti- 
mated to be approximately 600,000 by gel 
filtration. Isoelectrofocusing of the pro- 
tein showed a pI of 4.7. Since absorption 
spectrum of the protein was not influ- 
enced by the addition of a reducing re- 
agent such as dithionite, its chromophore 
seemed not to be flavin. This protein ex- 
hibited the fluorescence of 338 and 336 nm 
by the excitation at 277 and 224 nm, re- 
spectively. 


ELECTRON MICROSCOPIC STUDIES OF EMBRYONIC 
DEVELOPMENT OF THE FRESHWATER PLANARIAN, 
Bdellocephala brunnea. IV. ULTRASTRUCTURE 
OF BLASTOMERES AND THE FORMATION OF THE 
PRIMARY EPIDERMIS. 

T. Sakurai. Div. Cell Sci., Cent. Res. 
Lab., Fukushima Med. Col., Fukushima. 


In the early development of the fresh 
water planarians, it is known that some of 
the growing blastomeres within the syncy- 
tium form the primary epidermis. The pres- 
ent study reports ultrastructure of the 
blastomeres and their differentiating proc- 
ess into the primary epidermis. Blastomeres 
after syncytium formation contain innumer- 
able free ribosomes, dense bodies, lipid 
droplets, spherical granules and smooth ER. 
Afterwards they additionally have rough ER 
of lamellar form and cytoplasmic processes. 
On 57-58 hours after egg laying, some of 
the blastomeres migrate to the cortical 
area of the syncytium and begin to elongate 
after 60 hours. These elongating cells have 
nearly the same ultrastructural features as 
the other blastomeres. This unambiguously 
shows the differentiation of blastomeres 
into the primary epidermis. After 62-64 
hours, these epidermal cells fuse with sev- 
eral recruiting blastomeres. After 64-70 
hours, the epidermis inserts its processes 
between peripheral yolk cells and the syn- 
cytium and further elongate incorporating 
new cells into it at the peripheral areas 
of the syncytium. The epidermis ultimately 
covers the whole surface of the syncytium 
and segregates it as a rudimentary embryo. 


CELL RENEWAL OF PLANARIAN EPITHELIA. TRANSMISSION 
ELECTRON MICROSCOPIC OBSERVATIONS ON THE LINING 
EPITHELIUM OF THE PHARYNGEAL CAVITY. 

S. Ishii. Div. Cell Sci., Cent. Res. Lab., Fuku- 
shima Med. Col., Fukushima. 


A fine structural study of the pharyngeal cavi- 
ty epithelia in 5 species of freshwater triclad 
flatworms was carried out by transmission elec— 
tron microscopy in the full course of cell devel- 
opment. It showed that the precursor cells first 
appeared within the neighboring parenchyma, ap- 
parently originated from the multipotent stem 
cells, neoblasts. In this region they differenti- 
ated into cells of fairly well-developed stages 
and then appeared to be shifted into the epithel- 
ial covering layer. The most characteristic fea- 
ture of the epithelial cells was occurrence of 
specific granules of secretory nature whose con- 
tents had a peripheral filamentous crystaline 
structure. The young lining epithelial cells with 
labiate surface folds (R-cell) was vacuolated in 
the apical cytoplasm. The middle-aged flat cells 
(F-cell) contained a small amount of specific 
granules, while the old ones with prominent sur- 
face microvilli (M-cell) showed a large accumula- 
tion of granules. On occasion the epithelial 
cells phagocytized a large piece of cell debris 
which was possibly derived from sloughed-off 
cells of the outer pharyngeal epithelium. Dis 
cussion was conducted in comparison with the case 
of epidermal cell development. 
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IMMUNO ELECTRON MICROSCOPIC LOCALIZATION 
OF THE RECEPTOR REACT SPECIFICALLY TO 
MONOCLONAL ANTIBODY ( @ 3H9-AB-A ) IN 
FRESHWATER PLANARIAN PHAGOCATA VIVIDA. 


Ss. Nakamura, A. Yamada, ic Iwase, 
S. Ishida and W. Teshirogi. 
DepE. .GE Biol... Fac. OF Sei.) Hirosaki 


Univ., Hirosaki. 


We have obtained a monoclonal anti- 
body @ 3H9-AB-A which react specifi- 
cally to excretory system (Shirakawa 
et. | al 990). in? sehiss Vsstudy, the 
specificity of this mAb was confirmed 
by immuno blotting and quantitative 
immuno electron microscopy. In immuno 
electron microscopy, planarian were 
fixed by PLP for both Pre- and Post 
embedding methods and embedded in 
LR-white. For immuno staining, ABC and 
PAG methods were used (colloidal gold 
was 5 nm in size). In immuno blotting, 
SDS-PAGE (12.5% gel) was used and 
transferred electrophoretically to a 
nitrocellulose sheet. These results 
suggested that the receptors of this 
mAb were on the secretory granules in 
two kinds of basophile glandular cells 
(Type I and type [II ), not in excretory 
system and mollecullar weight of this 
receptor (glicoprotein) was about 90 
KDa. Furthermore, the number of gold 
particles and binding regions per one 
secretory granule were calculated. 


THE OBSERVATION OF GASTRODERM-FORMATION 
USING ANTIBODY SPECIFIC FOR GASTRODERMAL 
AND EPIDERMAL CELLS IN A _ FRESHWATER 
PLANARIAN, PHAGOCATA VIVIDA. 


W. Teshirogi, M. Nakamura, S. Nakamura 
and S. Ishida. Dept. of Biol., Fac. 
of Sci., Hirosaki Univ., Hirosaki. 


To provide ae tool for studying 
regeneration in planarian, we have 
produced monoclonal antibodies against 
a variety of cells of Phagocata vivida. 
We obtained five kinds of mAbD's 
specific, respectively, to 1)phagocytic 
and epidermal cells ( @ 12B-D iz 
2)basophilic gland cells (@ 3H9-AB-A ), 
3)nerve cells ( @11A7-C ), 4)rhabdoid 
-forming cells and body-surface mucus 
( @5D9-A-B ), and 5)male germ cells 
( @ 9F11-B-E, ). These mAb's”) should 
provide useful markers for discerning 
events of cell differentiation in the 
process of regeneration. This time, 
we observed the process of gastroderm 
-formation using MAb @ 12B-D with 
light microscope. As a result, it was 
revealed that new gastroderm originates 
Mainly from neoblasts, probably with 
the help of the cells derived from 
old gastrodern. 


FUNCTION IN THE PLANARIAN REGENERATION 
BY MELATONIN 


¥. Yoshizawa. , W. Yoshida’, T. Suzuki’, 
S.Kobayashi@, K.Wakabayashi-> 


and T.Shinozawa 

1:Dep. of Biol. and Chem. Eng., Fac. of 
Eng.,Gunma Univ. 2:Inst. of Biol. Sci., 
Univ. of Tsukuba. 3:Hormon Assay Cent., 
Inst. of Endcri.,Gunma Univ. 


We reported that melatonin inhibits 


the planarian(Dugesia japonica japonica) by 
means of radioimmunoassay and have detected 
the higher content in the head region than 


the other part!. We also carried out the 
analysis of planarian genomic DNA by south- 
ern hybridization in order to identify the 
gene concerning in biosynthesis of melatonin. 
The probe used in this assay is cDNA of N- 


aceryltransferase 3(NAT-3) “and hydroxindole- 


O-methyltransferase(HIOMT)— from chicken 
pineal and bovine pineal, respectively. 
Though we have detected these genes in the 
planarian DNA,the homology of these genes 
to above vertebrate gene was small. 
Ref;1:Y.Yoshizawa et al.(in press) 
2:M.Ohtomo et al. Eur. J. Biochem. 185 


253-261(1989) 3:I.Ishida et al. J. Biol. 
Chem. 262 2895-2899 (1987) 


DETECTION OF THE PHYSIOLOGICAL ACTIVITY OF 
SUBSTANCE FROM PLANARIAN(Dugesia japonica) HEAD 
EXTRACT 
H.Fujino, T.Tanaka and T.Shinozawa 
Dep. of Biological and Chemical Eng., Fac.of Eng., 


Gunma Univ. ,Kiryu. 


Lender reported a substance from planarian head 
extract which inhibited the regeneration of head 
(1956),and he called this substance “the 
inhibitory substance of the planarian brain” . 
However, the isolation and characterization of 
this substance were not reported. 

From the fact that the first step of 
regeneration in nervous system, we assumed that 
the inhibitory substance from planarian head 
extract inhibits the regeneration of nerve cell. 

We used cell culture of neuroblastoma(Neuro2a) to 
assay the physiological activity of the substance 
and to detect the substance specifically localized 


in the planarian head region. 
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MOLECULAR MECHANISM OF PLANARIAN REGEN- 
ERATION I. VISUAL CELLS AND VISUAL 
FIELDS OF PLANARIA REVEALED BY A MONO- 
CLONAL ANTIBODY. 


K.Watanabe. K.Agata. H.Orii. Lab.of 
Regeneration Biology. Fac.of Sci.. 
Himeji Inst. of Technology. Kamigouri., 


Ako. Hyougo. 678-12. Japan. 
A monoclonal antibody was raised 


against planarian eyes. !t visualized a 
whole image of visual cells: rhabdo- 
meres, stalks. cell bodies. optic fibers 
and nerve endings. Rhabdomeres in the 
pigmented eye cup looked like smal | 
segments. From the cell bodies. fine 


processes projected towards lateral 
epidermis. A bundle of optic fibers 
began at the lateral site of a mass of 
cell bodies. It run medio-caudally and 
ventrally. and reached on the lateral 
brain. Here it diffused into a triangu- 
lar shape (probable visual field). The 
angles pointed to the optic fiber bun- 
dle. to the caudal and to the mid-line. 
From the last angle of both visual 
fields. a fiber bundle was again formed. 
making chiasma. As enucleation of a left 
eye led the loss of projection from it, 
the operation revealed the visual field 
of a right eye. The right optic fibers 
projected both sites of visual fields. 
On the third day of operation. a small 
left pigmented eye cup was regenrated. 
which included the positive imunoreac- 
tivity. 


MOLECULAR MECHANISM OF PLANARIAN REGEN- 
ERATION I!1. ISOLATION AND CHARACTER! ZA- 
TION OF A VISUAL CELL SPECIFIC GENE. 
K.Agata. K.Watanabe, AVON. Lab. of 
Regeneration Biology. Fac of s¥o (es 
Himeji Inst. of Technology. Kamigouri. 
Ako. Hyougo. 678-12. Japan. 


We have isolated the visual cell- 
specific monoclonal antibody t(vG= 1) 
which enable us to trace visual cell 
processes. To characterize molecular 


nature of the antigen recognized by VC- 
1. the corresponding cDNA clone was iso- 


lated by ijmmunoscreening of a cDNA 
expression library of anterior parts of 
planaria. Three positive clones were 
isolated from 2 x 10” independent clones 
and named PA-1,2,3. All clones have 
about 1.3 kb inserts and same restric~- 


tion sites. Nucleotide sequence analyses 
indicated that the longest clone (PA-1) 
codes 404 amino acids and shows strong 
homology to arrestins of mammalian 
visual cells. We also found three major 
homologous domains to mammalian B- 
arrestin which binds a phosphorylated 
B-adrenergic receptor. Western blots 
analyses showed that VC-|l were reacted 
with a 49 kD protein of planaria and the 
48 kD protein of bovine outer segments. 
These results suggest that the antigen 
of VC-1 monoclonal antibody may be 49 kD 
planarian arrestin in visual cells and 
VC-1 can cross-react with arrestins of 
other species. 


MOLECULAR MECHANISM OF PLANARIAN REGENERA- 
TION III. TRIAL OF ISOLATION OF HOMEOTIC 
GENES. 
H.Orii, K.Agata and K.Watanabe 
Lab. of Regeneration Biol.,Dept. of Life 
SCit;, fac. “OF Scie, Himeji!’ Insts OF Tech., 
Harima Sci. Park City, Akou, Hyougo. 
How does planarian regeneration occur? _ 
Our knowledge of it is very poor, especial- 
ly of its molecular events. 
Homeotic genes have been isolated in many 
organisms belonging to different phylogene- 
tic groups and some of them play key roles 
in morphogenesis and development. We plan- 
ned to isolate homeotic genes and to know 
their functions during planarian(Dugesia 
japonica) regeneration. 

Several DNA fragments containing homeobox 
were cloned using PCR technology. They are 
different from Dth1 and 2, reported most 
recently by Garcia-Fernandez et al. One of 
them is more expressed in the anterior re- 
gion than in the posterior region. More 
characterization of these genes will give 
us important information to understand 
molecular events of planarian regeneration. 


HISTOLOGICAL OBSERVATIONS ON THE REGENERA- 
TION OF THE LAND PLANARIAN, BIPALIUM 
PENNSYLVANICUM (1I)REGRESSION AND REGENER- 
ATION OF THE ORGANS. 

Y.Shirasawa and N.Makino. Dept. of Biol., 
Tokyo Med. Coll., Tokyo. 


The land planarian, named recently as 
Bipalium pennsylvanicum, revealed to re- 
product sexually, however asexual fission 
have never been observed. The process of 
the regeneration and the regression of 
the organs, in particular, copulatory 
apparatus were investigated histological- 
ly and electron microscopicaily. The tran- 
sected pieces regenerate heads, pharynges 
and copulatory apparatuses. Among the 
rest, the pharyngeal regeneration was ac- 
complished most quickly, and the new 
pharynx became functional in a short time. 
In the middle piece, the formation of the 
new organs seemed to be obstructed by the 
presence of the original ones. Similarly 
to the pharyngeal regeneration which have 
been reported by authors, the accumula- 
tion of the basophilic cells of undiffer- 
entiated types which seemed to be origi- 
nated from the intestinal tissue, are ob- 
served in the parenchyma between the 
ventral nerve cords and the intestinal 
wall. Continuously, the formation of the 
common antrum, the penis bulb and copula- 
tory bursa are recognized. The perfora- 
tion of the genital pore follows. In this 
way, the copulatory apparatus is accom- 
plished. 
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THE PROBLEM OF THE NUMBER OF TARSOMERES IN 
THE REGENERATED COCKROACH LEG. 

A. Tanaka, H. Akahane and Y. Ban. Dept. of 
Biol., Fac. of Sci., Nara Women's Univ., 
Nara. 

There are five tarsomeres in the normal 
cockroach leg, but this number is often 
reduced in regenerated legs. In order to 
examine this complicated situation, fore-, 
mid-, and hindlegs of German cockroaches 
were amputated at 11 different tarsal 
levels and at 18 different times during the 
last instar. When tarsi were amputated at 
or proximal to the third tarsomere, four- 
segmented tarsi regenerated. When legs 
were amputated distal to the third 
tarsomere, the regenerated tarsi had five 
segments. The lengths of all tarsomeres of 
regenerated tarsi were measured together 
with those of unoperated contralateral 
tarsomeres, and the ratios of the former to 
the latter were calculated. From a 
comparison of the ratios and morphological 
observations, it was suggested that the 


third tarsomere of the normal five- 
segmented tarsus has diSappeared in the 
regenerated four-segmented tarsus. Pads 


and disto-lateral spines of tarsomeres were 
observed on unoperated and regenerated 
tarsi. Double spines were often found on 
the four-segmented tarsi, mostly on the 
second tarsomere, just proximal to the 
position of the missing third tarsomere. 
This observation supported an idea that the 
third tarsomere has not simply disappeared, 
but has probably fused to the second 
tarsomere. 


CTENII FORMATION OF REGENERATING SCALES IN 
THE FLOUNDER, PARALICHTHYS OLIVACEUS. 
S.Kikuchi! ,H.Nakamura2 ,and A.Shimozawa% 
'Marine Ecosystems Res. Ctr, Fac. of 
Scei.,CGhiba Univ. , o(Chilba, 2Depts Jof2 Anat: , 
Dokkyo Univ. Sch. of Med.,Tochigi. 

In the flounder (hirame), two different 
type of scales are present on each side 
body side:i.e. the ctenoid scales on the 
melanized ocular side and the cycloid 
scales on the blind side. On the posterior 
part of the ctenoid scale, there are many 
small spines,"ctenii", and each ctenium is 
made of piled thin cone-like shaped tips. 
If the scales are plucked, after 1-2 weeks 
scale plate regenerate and grow to the 
same size as the initial scales. In this 
study, we histologically observed ctenii 
formation in the regenerating ctenoid 
scales of the ocular side compared to the 
cycloid scales of the blind side. Young 
adult flounder were used as_— samples. 
Scales were plucked from the skin of both 
sides, and fish were cultured at 24-26°C. 
On the ocular side, ctenii began to form 
on the regenerating scales on day 20 of 
regeneration. The caudal edge of the scale 
pocket swelled up, in which a hook shaped 
process was calcified. Such hooks formed 
succesively at the caudal edge, so the 
completed ctenii was observed to be a 
piled cone shaped caps. On the other part 
of the surface of the regenerated scale 
plate, small calcification of the circulus 
was found, while on the blind side, only 
the scale plate in the circulus parts made 
small calcified ridges. 


NUPTIAL PAD DEVELOPED IN ANURAN 
HETEROMORPHIC LIMB REGENERATION. 

S. Kurabuchi. Dept. of Histol., Sch. of 
Dentistry, Nippon Dental Univ., Tokyo. 


The nuptial pad is the male secondary 
sexual character which is composed of 
numerous epithelial projections and dermal 
glands, and its distribution is limitted in 
the first finger of Rana brevipoda porosa, 
and in the ventral aspect of arm (from 
shoulder joint to fingers) of Xenopus 
laevis. The development of the nuptial pad 
was examined in the regenerative outgrowths 
of the above two species by amputating 
forelimbs midway through the zeugopodium. 

In adult Rana brevipoda porosa, the 
amputating limbs were non-regenerative. 
Therefore, the nerve supply to the distal 
forelimb was augmented by diverting 
ipsilateral sciatic nerve and then, 
regeneration was occurred. The nuptial pad 
developed in limb regenerative outgrowths 
even without any digit-like projections. 

In adult Xenopus laevis, the 
spike-shaped regenerative outgrowth was 
normally formed, in which the nuptial pad 
developed. When the skin at the amputation 
level was rotated 180 degrees on its stump, 
the nuptial pad showed overabundant 
development. Furthermore, when the skin at 
the amputation level was replaced with the 
pad-less skin of the back or abdomen, the 
nuptial pad developed in the regenerative 
outgrowth even though there was no nuptial 
pad at the skin of the amputation stump. 


THE EFFECTS OF RETINOIDS ON CARTILAGE 
PATTERN AND THE EXPRESSION OF ANTIGEN 
DURING LIMB REGENERATION OF AXOLOTL 
K.Koshiba, K.Tamura and H.Ide 

Biol. Inst., Tohoku Univ., Sendai 


Axolotl larvae treated with retinoid 
during limb regeneration form proximo- 
distal duplication. We prepared a 
monoclonal antibody (55C12) against a 
molecule, which was rich in the blastema 
and seemed to be axolotl tenascin. In 
this study, we investigated the 
distribution of this molecule in the 
retinoid-treated limbs. The 55C12 antigen 
disappeared in retinoid-treated and 
growth-arrested blastema, but when the 
blastema began to develop locally to 


form secondary bDblastema, which later 
regenerated a new limb from humerus 
level, the antigen reappeared in the 


secondary blastema. The local outgrowth 
of the retinoid-treated limb seems to 
be caused by the difference in 
responsiveness to retinoid between the 
anterior and posterior region. Thus, we 
examined the regional difference in DNA 
synthesis. After the retinoid treatment, 
DNA synthesis in the posterior region 
was inhibited more markedly than in the 
anterior region. Therefore, the secondary 

blastema seems to be derived only from 
the anterior region of the blastema. 
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THE ROLE OF TGF g IN WOUND CLOSURE. 

S. Ihara and Y. Motobayashi>. Dey. Biol. 
Lab., Dept. of Plast. Surg., and “Dept. of 
Biochem., Kitasato Univ. School of 
Medicine, Sagamihara. 


As we reported previously, an open 
wound in the skin of fetal rats (Sprague- 
Dawley) excised at day 16 of gestation 
closes rapidly (within 3 days) in an organ 
culture system, depending on the presence 
of serum. In the present study, we 
examined the possible participation of a 
growth factor, TGF 6, that is known to 
enhance adult wound healing in vivo. 
Exogenous TGF 61, when added to a serum- 
free culture medium (Dulbecco's modified 
Eagle medium), was found to stimulate the 
wound closure in a concentration-dependent 
manner. Soft agar assay using a cell line 
of normal rat kidney fibroblast (NRK-49F) 
showed that most of TGF 8g in the fetal 
calf serum used in the present study were 
in a latent form, but its content, if 
activated, was sufficient for the wound 
closure. The fetal rat skin cultured in 
the serum-free medium also released a 
small but detectable amount of TGF®8B. 
These results do not rule out the 
necessity of participation of factors 
other than TGF @, but suggest that the 
process of wound closure involves 
activation of TGF 8 by some component of 
skin. 


PROPERTIES OF TREHALASE FROM’ HYDRATED 


GASTRULAE OF THE BRINE SHRIMP, ARTEMIA 


SALINA. COMPARISON OF THE ENZYME WITH 
TREHALASE FROM THE NAUPLII. 

Z. Nambu and F. Akiyama-Nambu, Dept. of 
Biol. Univ. of Occupational and Environn. 
Health, Japan, Sch. of Nursing and Med. 
Technol. Kitakyushu. 


Trehalase (Tre) was purified from 


hydrated gastrulae (cysts) of Artemia 


Salina by our method previously developed 
for its isolation from the nauplii. 

Gastrula's Tre (G-Tre) was found not to 
be adsorbed by Poly(A)-Sepharose 4B, but 
nmauplius's Tre (N-Tre) was adsorbed by it. 

Specific activity of purified G-Tre was 
comparable to N-Tre. Molecular weight (MW) 
of G-Tre was calculated to be 54K at pH 6.3 
from gel filtration, which was similar to 
N-Tre's MW, 58K at pH 7.5. SDS-PAGE showed 
G-Tre was active in 0.1 % SDS and that its 
MW was 70K. G-Tre was found to be digested 
with endoglycosidase H, resulting in MW of 
66K with its full enzyme activity on 
SDS-PAGE. This means G-Tre is a kind of 
glycoprotein and that its sugar moiety is 
mot concerned in its activity. Characters 
described above were similar to N-Tre's. 

Optimum pH of purified G-Tre was found 
to be 6.5-7.5, but N-Tre's was 7.0. G-Tre's 
pl was seasured to be 4.7 by IEF on PAGE, 
which was the same as that of N-Tre. G-Tre 
was found to be very specific to trehalose. 
Mercury chloride, p-NP-@-D-glucopyranoside 
and cellobiose were proved to be inhibitory 
to the activity of G-Tre. 


THE STRUCTURE OF THE ACTIVE METABOLITE OF 
PYRROLOSINE, AN INHIBITOR OF RNA SYNTHESIS 
OF THE STARFISH (ASTERINA PECTINIFERA). 
K.Hamada, H.Isomura and S.Ikegami. Dept. 
of Applied Biochem., Hiroshima Univ., 
Higashihiroshima, Hiroshima 724. 

In starfishes, fertilization is charac- 
terized by an abbreviated cell cycle 
constituting rapid cell divisions and DNA 
synthesis, and little, if any, RNA tran- 
scription. At blastulation, RNA synthesis 
becomes active and the size of the ribonu- 
cleoside 5'-triphosphate pools becomes 
large. 

We have searched for a chemical(s) that 
would prevent embryonic development of the 
starfish Asterina pectinifera specifically 
at the beginning of the blastula stage. We 
obtained one such compound from the cul- 
ture broth of Streptomyces albus and 
designated pyrrolosine. We elucidated the 
structure of the product of the adenosine 
deaminase treatment of pyrrolosine by 
single-crystal X-ray diffraction as 7-£-D- 
ribofuranosyl-4-aminofuro[3,2-d])pyrimidine 
and therefore the proposed structure of 
9-deazainosine for pyrrolosine was erro- 
nous. The structure of pyrrolosine is now 
revised to be 7-¢-d-ribofuranosyl-4-amino- 
furo[3,2-d]pyrimidine. The adenosine 


analogue inhibited RNA synthesis after 
being converted to the 5'-triphosphate 
form in the embryonic cells. 


ROLE OF HISTONES IN THE PROGRESSION OF 
DEVELOPMENT OF STARFISH BLASTULAE. 
T.Shimizu, Y.Ooe, H.Sasaki and S.Ikegami, 
Dept. of Applied Biochem., Hiroshima 
Univ., Higashihiroshima, Hiroshima 724. 


In fertilized eggs of the starfish 
Asterina pectinifera, cell division pro- 
ceeds rapidly and synchronously for a 
total of eight or nine cleavages. Comple- 
tion of this rapid cleavage period is 
followed by blastulation, at which the 
rate of RNA synthesis becomes measurable. 
Polypeptides with apparent molecular mass 
of 29,000 and 28,000, which were designat- 
ed p29 and p28, respectively, began to be 
synthesized at the mid-blastula stage and 
were recovered in the core-histone frac- 
tion. 

We found that application of tri- 
chostatin A (0.02-100 mg/l) to fertilized 
eggs prevents formation of mesenchymal 
cells but not cleavages, blastulation nor 
gastrulation to occur. By using a mono- 
clonal antibody prepared against p29 we 
analyzed chromatins of trichostatin-A (100 
ng/ml)-treated hatched blastulae. It was 
found that the formation of p28 was selec- 
tively blocked by trichostatin A. These 
results suggest that p28 plays an essen- 
tial role for the progression of embryonic 
development of this starfish species. 
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INHIBITION OF THE RELEASE OF PEPTIDES IN 
THE SERYALINE DAYERe sone A HATCHING SEA 
URCHIN (HEMICENTROTUS PULCHERRIMUS) EMBRYO 
BY HALENAQUINOL SULFATE. 

T. Fukada, Y.Ozaki and S.Ikegami. Dept. of 
Applied Biochen. Hiroshima Uinhisvaeces 
Higashihiroshima, Hiroshima 724. 


Halenaquinol sulfate (5 “M), introduced 
to the culture of fertilized eggs of the 
sea urchin at 5 min after fertilization, 
did not affect cleavages, blastulation, 
cilia formation and gastrulation, but it 
blocked hatching at the late blastula 
stage. Halenaquinol sulfate did not affect 
the hatching enzyme activity present in 
seawater conditioned by hatching sea 
urchin embryos. The enzymatic activity 
present in the particulate fraction of the 
homogenate of a halenaquinol sulfate- 
treatred embryo was the same as that of a 
control embryo, suggesting that that 
secretion of the hatching enzyme was 
selectively prevented by halenaquinol 
sulfate. 

Halenaquinol sulfate inhibited the 
release of peptides with molecular masses 
of 99, 52, 49, 39 and 32 kDa. Immunocyto- 
chemical analyses revealed that antisera 
raised against a peptide with molecular 
mass of 99 kDa selectively stained the 
hyaline layer, suggesting that a component 


MORPHOLOGICAL AND BIOCHEMICAL CHANGES OF 
ANURAN NOTOCHORD DURING THE DEVELOPMENT OF 


Rana japonica. 

J.Hirata, S.Nishikawa, F.Sasaki. Dept. of 
Biol., School of Dent. Med., Tsurumi 
Univ., Yokohama. 


During metamorphosis an anuran larval 
notochord degenerates both in body and 
tail. However, it remains in a body for a 
while after metamorphosis is over. Mor- 
Pphologically, there was no difference 
between them at the hind-limb bud stage 
(st.25) (Tahara,'74). However, at the 
premetamorphic stage (st.35), calcifica- 
tion of chondroblast at the around the 
notochord in the body was observed but 
not in tail. 

In order to investigate proteoglycan of 
notochord, we used glycosaminoglycans 
(GAG), and examined the amount and the 
composition of them in body and tail 
separately, then ran electrophoresis using 
acetate membrane, stained with alcian 
blue. The extract from the body showed 
two spots, and that of tail showed three 
spots on the membrane. The localization of 
Chondroitin 4 Sulfate (C4S), Chondroitin 6 
Sulfate(C6S) and Keratan Sulfate(KS) which 
belong to GAG, was examined immunohisto- 
chemically. At the external gill stage 
(st.23), all three GAG were distributed 
homogeneously in the peripheral region 
containing connective tissue and noto- 
chordal sheath. At stage 35, C4S was 
stained intensively, while C6S and KS 
became less intensively both in body and 


of the hyaline layer underwent proteolytic sae Aly, These lebservat ons leneeooedelsne 


fragmentation and was released from the prior to metamorphosis, notochord changed 
hyaline layer at hatching. both morphologically and biochemically. 


DISTRIBUTION OF ALKALINE PHOSPHATASE IN 
RANA NIGROMACULATA EMBRYOS AND TADPOLES. 


F-ACTIN AS A MARKER OF CILIATED EPIDERMAL 
CELLS OF XENOPUS LAEVIS EMBRYOS. 


A. Kashiwagi. Lab. for Amphibian Biol., S. Nishikawa, J. Hirata and F. Sasaki, 
hac.) of Sci. sHvnoshima wUniv. bi rosinimar Dept. of Biology, Sch. of Dent. Med., 


The distribution of alkaline phosphatase Tsurumi Univ., Yokohama. 

(ALP) in the embryos and tadpoles of Rana 

nigromaculata was examined by the azo dye Ciliated epidermal cells appear at a 
method. From embryos and tadpoles at ten neurula stage of Xenopus. We have confirmed 
Shumway's stages and one Taylor and this “by  wsing ) anti? Eubu Tin seenmena 
Kallros' stage, 26 organs were taken out fluorescence. Just before the formation of 
to investigate. In the pronephros, ALP cilia, cone-shaped cells were observed in 
appeared at stage 18. At stage 20, activ- the surface of ectodermal layer at the 
ity was higher in the tubules proper than stage of neurula (st. 19). The apical area 
in the collecting tubule. Activity in the of these cells enlarged gradually, then 
former rose to a peak at stage 25, while cilia were formed on it at a stage of eye 
activity in the collecting tubule com- vesicle formation (st. 21). When these 
pletely disappeared at that stage. The embryos were labeled with rhodamine- 


intestine was positive at stage 23. At phalloidin for detection of F-actin, the 
this stage, activity was strong in the ciliated cells were JabeliedRes pacncpiag, 
striated border, weak in the connective compared with surrounding non-ciliated 
tissue, and absent from the mucosal epi- cells. The ratio of the number of ciliated 
thelium. Between stages 25 and I, activity cells) to! that) of enon chvilate dame aks 


reached a peak in the striated border, but decreased at a stage of swimming larva (st. 
remained constant in the two portions. The 39-41). Fluorescence-microscopically, 
pattern of ALP distribution was similar in ciliated cellis with “unleven sel aceite 
the oesophagus, stomach and duodenum, but distribution were often observed. 
the activity did not change so distant as Ultrastructurally, ciliated cells with 
in the intestine. In the notochord, a mucous granules were observed occasionally. 
definite increase was observed between At a stage of cement gland degeneration 
stages 20 and 22, and again between (st. 45-47), ciliated cells were observed 
stages 23 andI. In the other 17 organs, only at the cornea and around nostrils. It 
including myotome, heart, nose, etc., ac- is concluded that the distribution and 
tivity appeared at about stage 20, and intensity of F-actin fluorescence correlate 
was followed by an increase until stage with the existence of cilia. The neuromasts 
Pye PENN SA MES Tee ocr Wi wae Wayee. of lateral line organ were also labeled 
dermatome and sclerotome. with rhodamine-phalloidin and antitubulin. 
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EXAMINATION OF THE ANALYZING METHODS FOR LOW 
MOLECULAR CHROMATIN CONSTITUENTS OF NEWT EM- 
BRYOS AND OTHER TISSUES. 

T.Asao, Biol. Lab.,Sch. Med., St. Marianna 
Univ., Kawasaki. 


We have studied the change in the nuclear 
proteins of newt embryos during their early 
development by using SDS-PAGE. However,this 
method is useless when monitoring small mol- 
ecules. i.e.,low molecular proteins,peptides 
amino acids,etc. In order to see the change 
in low molecular chromosomal constituents of 
embryos during their early development, we 
examined the ion exchange chromatography us- 
ing DEAM or polyethylene imine modificating 
gel, following up with several monitoring 
techniques, for example,fluorometric methods 
using fluorescamine or o-phthalaldehyde' for 
amino acids or sensitive methods for. pro- 


teins. The nuclear extracts from newt em- 
bryos, rat livers, thymus and mouse livers 
were preliminary analyzed. Each nuclear 


extract gave a generally similar pattern in 
chromatography, that is, two major fractions 
were found to be commonly present. The first 
fraction (Fr. I) eluted out at void volume, 
the second fraction group (Fr. II),at the i- 
onic strength of ca. 80 mM NaCl. The amount 
of these two fractions differed slightly at 
differing embryonic stages. Fr. I was esti- 
mated to be a small peptides, Fr. II, a low 
molecular substance group below 2500 dalton. 
We are now continuing to investigate these 
substances. 


METAMORPHOSIS-ASSOCIATED IMMUNOLOGICAL 
DIFFERENCE IN THE SKIN BETWEEN LARVA AND 
ADULT OF THE FROG. 

Y. Izutsu and K. Yoshizato 

Mol. Cell Sci. Lab., Zool. Inst.» Fac. 
of science, Hiroshima Univ., Hiroshima 


We previously reported the presence of 
the larva-specific type of epidermal cells 
(skein cells) in the skin of frog tadpoles. 
The skein cells are abundant in the tail. 
The skein cells are thought to fall into 
programmed cell death during metamorphosis. 
The mechanism of removal of the larva- 
spesific cell has not been clarified at 
all. We presume that the mechanism of 
programmed cell death in tail tissue might 
be supported by histocompatible difference 
between larva and adult; Adult body might 
reject the tail tissue. To confirm this 
hypothesis, the skin transplantation 
experiment was performed using the J strain 
of Xenopus laevis (MHC haplotype). Adult 
animals accepted skin grafts from other 
adults. However, fascinatedly, it was 
discoverd that adult animals rejected skin 
grafts from larvae. Furthermore, the 
rejection of the tail skin grafts was 
accelerated during larval development, 
especially at the climax stage of 
metamorphosis; Tail skin grafts were 
rejected faster than the previous stages of 
development. In contrast, body skin grafts 
became accepted during metamorphic climax. 
It assumed that these immunological 
histocompatible difference between the tail 
and the body against hosts of adult might 
be involved in the process of programmed 
cell death (removal of larval cells) which 
specifically occurrs in the tail tissue. 


ANALYSIS OF TRANSPLANTATION TOLERANCE 
INDUCED IN METAMORPHOSING XENOPUS 
TADPOLES Ill. In vivo suppresser cell activity 
S.Tochinai, J.Sakuraoka, M.Ono and S.Tozaki, 
Zool. Inst., Fac. Sci., Hokkaido University, Sapporo 

The J-strain (JJ) clawed frog, Xenopus laevis, 
can easily be rendered tolerant against semixenogeneic 
(X. laevis x X. borealis; JB) adult skins grafted onto 
stage 53-56 larvae. If JJ tadpoles were thymectomized 
(Txd) just before or simultaneously with JB skin grafting, 
tolerance could not be induced. Although tolerance 
induction was recovered when these Txd JJ tadpoles 
were grafted with stage-matched or adult JJ thymuses, 
the thymus from earlier stage 48 larva was not effective. 
Tolerant state kept beyond metamorphosis can be 
reversed by grafting the spleen from normal JJ froglet. 
When 1 spleen was grafted, half of the animals showed 
the breakdown of tolerance. Two or more spleen graft 
broke tolerance in all the animals tested. On the other 
hand, a pair of thymus grafts from one animal failed to 
break the tolerance. If the spleen or the thymus was 
grafted to the immunologically incompetent stage 45 Txd 
froglets carrying previously grafted JB skin, skin graft 
rejection promptly initiated. These results indicate that 
there should be some suppressing activity against JB 
skin rejection in the tolerant animals but not in the stage 
45 Txd ones. Because the JB skin thus tolerated in the 
normal animals could induce tolerance even in stage 
53-56 Txd tadpoles, it may be probable that the cells 
having the above mentioned suppresser activities reside 
in the tolerated JB skin. Attempts are being made to 
identify the antigen—primed suppresser cells. 


MORPHOGENESIS OF THE AMPHIBIAN CAROTID 
LABYRINTH 
T. Kusakabe. Dept. of Anatomy, Yokohama 
City Univ. School of Med., Yokohama 
Morphogenesis of the carotid labyrinth 
(CL) in Rana catesbeiana during larval 
development and metamorphosis was studied 
using vascular corrosion casting and 
scanning electron microscopy. The CL was 
formed at the point where the carotid arch 
descends to the internal gills. The trans- 
formation of the appearance of the CL can 
be summarized in six phases. 1)Through the 
early stages of larval development, the 
slightly expanded region of the external 
carotid artery becomes closely connected 
with the carotid arch, and these two 
arteries are joined by small channels on 
their opposing faces. 2)At the last foot 
stage, the expanded region becomes 
globular. 3)At the middle of the meta- 
morphic stages, many protuberances appear 
on the surface of the globular expansion, 
4)they form a rudimentary vascular maze, 
and 5)this globular expansion becomes 
completely surrounded by a simple maze-like 
structure which resembles the CL in adults. 
The origin of the internal carotid artery 
is located within the vascular maze. 6)At 
the final stage of metamorphosis the CL is 
nearly completed. The vascular ring and 
vascular routes found in the adult can be 
recognized. These findings suggest that 
the premetamorphic carotid labyrinth has a 
vascular regulatory function. 
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ON THE FUNCTION OF EXTRACTS FROM UP1 RE- 
GION CORRESPONDS TO PARS RECTA OF ANURA 
IN THE NEWT, CYNOPS PYRRHOGASTER. 


T. Adachi and K. Onitake. Dept. of Biol. 


Fac. of Sci., Yamagata Univ. Yamagata. 
We have reported that in Cynops pyrrho- 


gaster,changes in SDS-PAGE profiles of 
vitelline envelopes were found between 
coelomic and uterine eggs after passing 
through UP1 corresponds to pars recta of 
anura, and these changes from coelomic 
type(CE) to uterine type(UE) were also 
caused by the extracts of UP1. In the 
present study, we pursued the detailed 
process of these cahnges and examined to 
define whether these changes were hydro- 
lytic degradation or not. Changes from 
CE to UE caused by UPl-extracts were Ca?t 
dependent and inhibited by SBTI. These 
changes were also dependent on wide-rang- 
ing pH conditions from 7.4 to 8.6, but 
under the pH conditions of below 7.4 and 
upper 8.6, they were reduced. Our pre- 
vious and presents results revealed that 
changes of vitelline envelope from CE 

to UE may be hydrolytic degradation by 
the trypsin like protease of UP1. In- 
direct immunohistochemistry using anti- 
UP1 antibody also revealed that only UP1 
and UE were stained with FITC-labelled 
antibody, but other region of oviduct 
except UP1l and CE were never stained. 
Immunoblotting analysis demonstrated 
that 95kD of UE on SDS-PAGE profile was 
reacted against antibody. It is suggest- 
ed that the addition of 95 kD from UP1 


to CE may also occur passing through UP1. 


EGG TRANSPORT ON THE COELOMIC EPITHELIUM 
OF THE FEMALE NEWT. III. Effect of ovari- 
ectomy on egg transport. 

Y. Yamahama and K. Onitake. Dept. of 
Biol., Fac. of Sci., Yamagata Univ., 
Yamagata. 

We have shown that the coelomic egg 
transport by ciliary movement of the 
coelomic epithelium was activated by the 
injection (ot NCC (or sesit rad ton —7y// (i eeslen 
order to analyze the role of ovary on 
the egg transport,we tried to test the 
effect of ovariectomy on the speed of 
egg transport. As the day after ovari- 
ectomy went on, the speed became slow 
gradually following the gradual degener- 
ation of cilia. Finally egg transport 
stopped, and cilia disappeared on the 
female coelomic eithelium after 2 months 
of ovariectomy. When estradiol-176 was 
injected into such female every day, cil- 
ia regenerated and egg transport recover 
ed again after 6 weeks of injections. 

On the other hand,there were no cilia 
on the male coelomic epithelium, and egg 
transport was never observed on it. In 
a few cases of orchidectomized males inj- 
ected with estradiol-17f, cilia forma- 
tion was observed,and eggs on it were 
transported with 1/3 speeds of activated 
female “by Che injection (or estradiol ip 

It is suggested that the egg trans- 
ports are controlled by the cilia of 
coelomic epithelium which are maintained 
by the ovary (estrogens). 


THE DETECTION OF AN OVIDUCT-SPECIFIC 

GLYCOPROTEIN IN THE RAT. 

H. Abe and T. Oikawa, Research Institute 

for the Functional Peptides, Minamisanban- 

cho, Yamagata. 

ee 
In mammals, fertilization and early 

embryonic development occur in the 

oviduct. Secretions of oviductal 


‘epithelial cells, such as’ glycoproteins 


(GP) may play an important role in the 
reproductive process. In this study, we 
immunologically investigated the presence 
of oviduct-specific GP in the rat using of 
a monoclonal antibody (MAb) against the 
golden hamster oviductal GP and a 
polyclonal antibody (PAb) against the 
extract obtained from the rat oviduct. 
Both the MAb and PAb bound to the 
epithelium of the rat oviduct, and these 
immunohistochemical reactions were 
observed in the epithelial cells of the 
ampullar and isthmic regions of the 
oviduct. Particularly strong reactions 
were observed in the caudal isthmus. 
Western blotting analysis revealed that 
the MAb and PAb reacted with a substance 
of broad molecular weight (MW) greater 
than about 330 kD contained in extracts of 
the rat oviduct and the bursal fluid that 
had been applied to SDS-PAGE gel under 
reducing condition. The substance was not 
detected in other tissues. These results 
suggest that the high MW GP is secreted by 
the epithelial cells of the rat oviduct 
and that it is specific to the oviduct. 


Developmental changes in the micropylar 
cell during oocyte maturation in the 
medaka Oryzias latipes. 

S.Nakashima and T.Iwamatsu. Dept. of Biol., 
Aichi Univ. of Educ., Kariya. 


In a previous study (1989), we reported 
on ultrastructural changes in micropylar 
cells and formation of the micropyle dur- 
ing oogenesis in the medaka Oryzias 
latipes. In the present study, we investi- 
gated developmental changes in the micro- 
Ppylar and follicle cells and how the micro- 
pylar cell emerges from the micropyle dur- 
ing oocyte maturation. 

In the postvitellogenic phase, the main 
cell body of the micropylar cell contains 
numerous tonofilaments, mitochondria, 

Golgi complexes and rough endoplasmic re- 
ticulum, and the helical, cytoplasmic ex- 
tension contains a large, twisted bundle 
of microtubules with a bundle of tonofila- 
ments as its core. Three hours after germi- 
nal vesicle breakdown (GVBD), the micro- 
Pylar cell remains essentially unchanged. 
At the time of ovulation (6 hr after GVBD), 
tonofilaments and microtubules are detect- 
ed in neither the main cell nor in the 
cytoplasmic extension. Eventually, the 
mushroom-shaped micropylar cell draws in 
the cytoplasmic extension and assumes a 
spherical shape. Organelles including mito- 
chondria, Golgi apparatus and rough endo- 
plasmic reticulum remain unchanged. From 
this study, we suggest that microtubules 
and tonofilaments play an important role 

in the formation and withdraw of the cyto- 
plasmic extension. 
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Partial Purification of H-SF, Putative 
Precursors of Major Egg Envelope Con- 
stituents 

K. Murata, I.Iuchi, K.Yamagami Life Sci. 
Inst., Sophia univ. ,Tokyo 


Spawning female-specific (SF) substances, 
putative precursors of major components of 
egg envelope glycoproteins (ZI-1,-2,-3), 
ean be classified into two groups in terms 
of their immunoreactivity with anti-Fl(egg 
envelope glycoproteins) IgG. One is low 
molecular weight SF (L-SF), the precursor 
of ZI-3 and the other is high molecular 
weight SF (H-SF) which presumably includes 
ZI-1,-2. Both SF's are found to exist in 
the liver and blood plasma of the spawning 
female and the Ez treated male fish, ovary 
of the spawning female fish and in the as- 
cites of the E2-treated fish. 

In the present study, H-SF was partially 
purified from the ascites of the Ez2-treated 
male fish. Ascites was buffered with 20 mM 
phosphate buffer pH 6.8 containning 40 mM 
EDTA and 0.4 mg/ml PMSF. This solution was 
fractionated by gel filtration chromatog- 
raphy with a Sephacryl S-200 HR column. 
Determination of purity and the molecular 
weight of the obtained H-SF was carried 
out with immunoblotting analysis after na- 
tive PAGE and two dimensional PAGE. H-SF 
seemed to consist of about 3 bands of 
proteins and they eluted in the’ second 
peak of the gel firtration. On 8%-gel SDS- 
PAGE, these proteins showed the same rela- 
tive mobilities as those of the ZI-1,-2. 


FURTHER INVESTIGATION ON ENZYME ACTIVITIES AND 
ANTIFUNGAL ACTION OF FERTILIZATION ENVELOPE EXTRACT 
FROM FISH EGGS. 

S. Kudo, Dept. of Anat., Gunma Univ. Sch. of Med., 


Extracts from fertilization envelopes (FE) of 
artificially activated or fertilized eggs of the 
fish Tribolodon hakonensis and Salmo gairdneri were 
demonstrated to contain enzyme activities using an 
agar or agarose plate enzyme assay. The enzyme 
activities apparently present were carboxymethyl- 
cellulase, carboxymethylchitinase, 8-1,3-glucanase 
(or laminaranase), xylanase, dextranase, mannanase, 
protease and lysozyme, although the latter activity 
was very low. There was no diminution of enzyme 
activities of FE extract which was obtained from 
FEs of fertilized eggs two weeks after fertiliza- 
tion, and even extracts from FE residues (FERs) 
after hatching still retained their enzyme activi- 
ties which were much lower than those of the FE 
extract, forming a smaller-sized halo around the 
wells. However, an extract from FERs collected 48 
hr after hatching was accompanied by a further 
diminution of the enzyme activities. FE extracts 
treated with pronase fommned few or no halo around 
the wells in agar or agarose containing one of the 
substrates used, whereas trypsinized FE extracts 
did form haloes around the wells as in the case of 
non-treatment. Pronase-treated and boiled FE 
extracts exerted little effect on inhibition of 
hyphal growth of the fungus Saprolegnia parasitica, 
but trypsinized and boiled FE extracts were as 
efficient in inhibiting hyphal growth as in non- 
treated FE extracts. 


CORTICAL ALVEOLUS-DERIVED GLYCOPROTEINS 
(HYOSOPHORIN) FROM MEDAKA FISH EGGS: 
STRUCTURAL DIVERSITIES AMONG SPECIES 

T. Taguchi’, A. Scko!, K. Kitajima’, 
x. Inoue, S. Inoue?, and T. Iwamatsu> 
Dept. of Biophys. & Biochem., Fac. of Sci., Univ. of Tokyo, 
Tokyo, School of Pharm. Sci., Showa Univ., Tokyo, 3Dept. 
of Biol., Aichi Univ. Educ., Kariya. 


"Hyosophorin" is a major cortical alveolar glycoprotein 
characterized by the following properties: (1) it has a high 
carbohydrate content(85-95% w/w); (2) the apo-—protein 
comprises tandem-repetitions of an identical peptide sequence; 
(3) it undergoes depolymerization cleaved into repeating units 
(L-hyosophorin) upon fertilization. 

In order to compare their structural differences among species, 
we have isolated L-hyosophorins from the fertilized eggs of 
three different Medaka species [O. latipes (Orl), O. melastigma 
(Orm), and O. javanicus (Orj)] and analyzed for chemical 
composition. 

L-Hyosophorin molecules isolated were all glycononapeptides 
(7K) with a single large N-linked large oligosaccharide chain 
(6K) and their peptide sequences are almost identical but with 
a minor alteration. The carbohydrate structures were found to 
be quite different in a species-specific manner. The glycan 
chains of L-hyosophorins(Orm and Orj) have no fucose 
residues in contrast to L—hyosophorin (Orl). 


ISOLATION AND CHARACTERIZATION OF CORTICAL 
ALVEOLAR PROTEINASE (HYOSOPHORINASE) FROM 
RAINBOW TROUT EGGS. 

K. Kitajima’, Y. Inouc!, and S. Inoue’. 

Dept. of Biophys. and Biochem., Fac. of Sci., Univ. of Tokyo, 
Tokyo, “School of Pharmaccutical Sci., Showa Univ., Tokyo. 


Hyosophorin is a carbohydrate-rich cortical alveolus glyco- 
protein which comprises tandem repetition of an identical 
glycopeptide and undergoes depolymerization to the least 
glycopeptide units upon fertilization by the action of a specific 
proteinase, hyosophorinase. We have isolated and partially 
purified a hyosophorinase (called PSGPase in salmonid fish), 
responsible for depolymerizing PSGP (salmonid fish hyosopho- 
rin), from the unfertilized eggs of rainbow trout. 

(1) PSGPase is active only at concentrations of NaCl below 
40mM and at low temperatures (about 16°C), which are the 
conditions most suitable for egg activation. (2) PSGPase shows 
distinct substrate specificity and appears to catalyze the "pro- 
line—directed pre—aspartyl cleavage" (—Pro—Xaa-Yaa- }—Asp-). 
(3) PSGPase is co-localized with PSGP in cortical alveoli. 
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APPEARANCE OF THE HATCHING GLANDS IN THE 
TELEOST, SALMO GAIRDNERI. 

S. Yokoya ‘and Yo "Ebina. 

Division of Cell Science, Research 
Laboratories, Fukushima Medical College, 
Fukushima. 


It has been shown that the hatching medi- 
um of Salmo gairdneri, contained several 
proteolytic enzymes. we prepared antibody 
against one of those enzymes, (purified 
partially with 0.2M Nacl in DEAE chroma- 
tography by HPLC) and immunocytochemically 
examined appearance and localization of 
the antigen-containing cells in the course 
of development in the fish embryo. Until 
llday after fertilization, there was little 
of the antibody reactive cell in both prim- 
itive buccal and yolk sac epithelium of the 
embryo. The antibody reactive cells ap- 
peared in 1l3day-embryo and increased in 
number before hatching (28day-embryo). In 
this observation, some hatching glands 
reacted strongly to the antibody and some 
ones did weakly in fluorescent and electron 
microscopy. The several proteolytic en- 
zymes in the hatching medium and appearance 
of the hatching glands reacted differently 
to the antibody presented here suggested 
that the hatching glands in S. gairdneri 
were composed of more than two kinds of the 
hatching gland cells. 


SEA URCHIN HATCHING ENZYME: ITS PROTEIN SUBSTRATE 
SPECIFICITY AND THE MECHANISM OF FERTILIZATION 
ENVELOPE DISSOLUTION 

K. Nomural, Y. Kikkawa?, and N. Suzuki?. 1Dept. of 
Biochem., Tokyo Metropol. Inst. of Gerontol., 
Tokyo, and “Noto Marine Lab., Kanazawa Univ., 
Ishikawa. 


The sea urhcin hatching enzyme (HEz) belongs 
to the mammalian matrix metalloproteinase (MMP, 
matrixin) family!. We have shown by the use of 
various peptide substrates that the specificity of 
the Hemicentrotus pulcherrimus HEz (Envelysin) is 
similar to that of stromelysin and has imino acid 
restriction at both P9' and Pz' position as 
compared with the simple P9' restriction of 
thermolysin2. We next examined by SDS-PAGE the 
susceptibility of extracellular matrix proteins to 
HEz and revealed that it gradually cleaved fibro- 
nectin, laminin, types I and IV gelatin and 
slightly type IV collagen but not type I collagen. 
HEz rapidly cleaved @4-antitrypsin in a limited 
manner reducing the Mr by about 4000. 8 -Casein 
was also rapidly cleaved to small fragments. Incu- 
bation of the normal fertilization envelope (FE) 
with HEz produced no significant cleavage of the 
proteins with Mr 100K, 70K and 50K, but allowed the 
appearance of new 63, 48, 42 and 38K bands. The 
high Mr complex which did not enter the stacking 
and separation gels was gradually degraded to the 
size allowing migration into both gels. In 
contrast, the proteins of Mr >100k in the soft FE 
which lacks Tyr-crosslinks’ were rapidly cleaved 
into smaller fragments. The proteins isolated from 
soft FE exhibited comparable behavior with_those in 


a FE-bound state. EMBO J. 9 3003 (1990). “Biochem. 
30 6115 (1991). “Biochem. 29 4525 (1990). 


cDNA CLONING AND EXPRESSION OF THE 
HATCHING ENZYME OF MEDAKA, ORYZIAS 
LATIPES. 

S. Yasumasu*, K. Yamada*, K, Akasaka’, 
I. Iuchi*, H. Shimada* and K. Yamagami?. 
1: Zool. Inst., Hiroshima Univ. 2: Life 
Sci. Inst., Shophia Univ. 


The hatching enzyme of medaka consists 
of two types of proteases (HCE, LCE). 
The nearly full length cDNA clones en- 
coding the entire sequence of HCE and 
LCE were isolated from Agt 11 cDNA 
library of poly(A)~ RNA from day 3 
embryos. Among HCE cDNAs, two types of 
cDNAS were cloned (HCE 21, HCE 23). 
Their cDNAS were closely similar and 
their nucleotide sequence similarity 
and deduced amino acid sequence 
similarity were 92.8 % and 90 %, respec- 
tively. 

Nothern blot analysis revealed that 
the transcripts of both HCE and LCE were 
first detected in day 2 embryos and 
dramatically increased during day 2 to 
day 3. These results suggest that HCE 
gene and LCE gene are activated concur- 
rently and in a very similar fasion. 

Comparison of the deduced amino acid 
sequence of HCE and LCE with other zinc- 
proteases allowed identification of the 
sequence that contain HExxH motif cor- 
responding to the zinc binding residues 
at the active site of a number of 
metallo proteases. 


PRODUCTION OF MEDAKA,OLYZIAS LATIPES, 
HATCHING ENZYMES IN BACTERIAL SYSTEM. 
A.Azuma , -Yasumasu', K.Yamada I.Iuchi2, 
K.Yamagami~ and H.Shimada . 1:Zool.Inst., 
Fac.Sci., Hiroshima Univ., 2:Life 
Sci.Inst., Sophia Univ. 


The hatching enzymes of Medaka, Olyzias 
latipes, HCE (high choriolytic enzyme) and 
LCE (low choriolytic enzyme), were produced 
in a bacterial system by transfecting E. 
Coli with plasmids containing cDNA for 
these two proteins. cDNA fragments were 
inserted into an expression vector pMAL-cRI 
and transfected to BE. coli. dim) ehisesysoeen, 
hatching enzymes fused with maltose-binding 
protein (MBP) were produced in an insoluble 
form retained in inclusion bodies. After 
isolation of inclusion bodies, the fusion 
protein were solubilized by 8M urea, and 
analyzed by western blotting with anti- 
hatching enzyme antibodies as the probes. 
The results show that HCE, LCE, proHCE and 
proLCE all produced in this system. These 
enzymes showed weak but clear proteolytic 
activities. 
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EXPRESSION AND TRANSMISSION OF THE 
MELANOGENIC PHENOTYPE IN THE ORANGE- 
COLORED MUTANT OF MEDAKA FISH INTRODUCED 
WITH MOUSE TYROSINASE GENE. 
J.Matsumotol T.Akiyamal Eu.Hirosel 
M.Nakamural H.Yamamoto2and T.Takeuchi% 
IDept. of Biol., Keio Univ., Yokohama, and 
pt. of Biol., Fac. of Sci., Tohoku 
Univ., Sendai. 


Microinjection of mouse tyrosinase gene 
(mg-Tyrs-J) into the pronucleus of an 
unfertilized egg of the orange-colored 
mutant of Medaka and subsequent insemina- 
tion using sperms of the same mutant 
results in production of transgenic fish 
exhibiting the wild-type, melanogenic 
phenotype in their skin at a rate of 4-5%. 
Crossing of the female transgenic fish 
obtained with a male of the same mutant 
yields the offspring exhibiting the mela- 
nogenic phenotype at a rate of about 50%. 

Light and electron microscopy of the 
transgenic fish skin disclosed that (1) 
melanogenesis occurs restrictively in 
particular dermal cells which correspond 
to the "amelanotic melanophores" present 
in this mutant, and is scarcely observed 
in xanthophores and iridophores, (2) the 
melanosomes are similar in size to, but 
mostly different in the pattern of melanin 
deposition from those present in the 
melanophores of the wild type. These 
findings would imply possible implication 
of mouse tyrosinase gene in melanin 
production in the transgenic Medaka. 


THE PROGRAMMED INTERNALIZATION OF THE 
SURFACE OF THE YOLK CYTOPLASMIC LAYER BY 
ENDOCYTOSIS IS RESPONSIBLE FOR THE EPIBOLY 
OF THE BLASTODERM IN THE EMBRYO OF ORYZIAS 
LATIPES. 

T.Kageyama. Dept. of Biol., Kyoto Pref. 
Univ. of Medicine, Kyoto. 

The blastoderm expands and thoroughly 
envelopes the yolk sphere in the teleost 
gastrula. A problem in teleost epiboly is 
how the yolk cytoplasmic layer (YCL) dimin- 
ishes itself. Gastrulae of Oryzias latipes 
during epiboly are bathed in the tracer 
reagent such as lucifer yellow CH or horse 
radish peroxidase, and then observed under 
a fluorescence microscopy or after DAB 
staining, respectively. A circumferential 
ring of endocytosed vesicles (endosomes) is 
observed after the 1/3 epiboly, confined to 
the marginal YCL just peripheral to the 
blastoderm. Engulfment of the outer sur- 
face occurs at the same level as the disap- 
pearance of the surface of the YCL, sug- 
gesting that the internalization of cell 
surface serves as the morphogenetic mecha- 
nism responsible for the epiboly. Most 
endosomes move along with the advancing 
margin of the blastoderm. The width of the 
ring of accumulated endosomes and _ the 
density of endosomes remaining in the inner 
YSL suggest the dorsal convergence of the 
YSL. Endocytosis is observed in the en- 
veloping layer, as well, when the cell 
surface decreases around the embryonic body 
during the latter half of epiboly. It also 
shows that the endocytosis is responsible 
for diminishing the surface. 


EXPRESSION OF CELL SURFACE CARBOHYDRATES DURING 
EARLY EMBRYOGENESIS OF ORYZIAS LATIPES 
Y. Ebina. and S.Yokoya. Div. Cel] Sci., Cent. Res. 
Lab., Fukushima Med. Col.,Fukushima. 


Expression of carbohydrates onto the cell sur- 
face of Medaka embryo has been studied in the 
course of the early developmental stages, from 
fertilization to heart formation. The detection of 
the carbohydrates was histochemically performed 
using seven FITC-lectins; Con A, DBA, RCA120, PNA, 
UEA-I,WGA, Lotus. Lotus firmly and very specifi- 
cally bound to the enveloping layer through the 
whole stages studied. Con A, on the other hand, 
strongly detected deep cells which are located at 
the bottom region of the blastodisc in the early 
blastula. As the development proceeded, number of 
the Con A-positive deep cells increased toward the 
enveloping layer and al] the deep cells in the 
blastodisc were covered into Con A-positive in the 
early gastrula. The strong expression of Con A- 
positive carbohydrates was observed also in the 
enveloping layer and its lining cells in the late 
gastrula. However, this expression was signifi- 
cantly suppressed in the following stages. WGA 
deeply stained all of the embryo cells throughout 
the whole stages studied. RCA120 and UEA-I slight- 
ly but evenly detected all the cells in any of the 
stages. None of the cells were positive to PNA or 
DBA. Thus expression of carbohydrates that are 
positive to Lotus or Con A turned out to be pre- 
cisely controlled in the process of the early de- 
velopment. 


EPIDERMIS-SPECIFIC GENES OF THE ASCIDIAN 
ARE CATEGORIZED INTO FOUR GROUPS IN 
RESPECT TO THEIR TEMPORAL EXPRESSION 
PATTERNS. 

T.Ueki, K.W.Makabe and N.Satoh. 

Depu. Of Zool. hac. Of SCi..s Kyoto Univ., 
Kyoto. 

We have isolated eight different cDNA 
clones that correspond to epidermis- 
specific genes of the ascidian Halocynthia 
roretzi. The present analysis by 
Northern blot hybridization has revealed 
that patterns of temporal expression of 
these genes are categorized into four 
groups. In the first and the second 
groups, transcripts were first detected 
around gastrulation and increased by the 
tailbud stage. In the first group, 
transcripts were diminished by a few days 
after metamorphosis,while those of the 
second group were retained for at least 
thirteen days after metamorphosis. In 
the third and the fourth groups, a low but 
distinct level of mRNAs were present in 
unfertilized eggs and early embryos. A 
conspicuous increase of the amount of the 
transcripts were evident after 
gastrulation, suggesting that the 
transcription is regulated by both 
maternal and zygotic genomes. After 
metamorphosis, transcripts of the third 
group are diminished, while those of the 
fourth group are retained by juveniles. 
These data clearly demonstrate that 
specific genes with different temporal 
expression patterns are associated with 
epidermis formation in the ascidian 
embryos and juveniles. 
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STRUCTURE AND ORGANIZATION OF ASCIDIAN 
MUSCLE ACTIN GENES. 

T.Kusakabe, K.W.Makabe and N.Satoh. 

Dept. of Zool., Fac. of Sci., Kyoto Univ. 
Kyoto. 


Previous studies using a specific 
CDNA probe have shown that the 
transcription of HrMA4 actin gene is 
restricted to developing muscle cells in 
Halocynthta roretzt embryos. In order to 
investigate the molecular mechanisms of 
muscle cell differentiation in ascidian 
embryos, three overlapping clones of the 
actin gene were isolated from a genomic 
library and their structures were analyzed 
by Southern blotting and DNA sequencing. 
The DNA region covered by these three 
clones contains five actin genes. The 3'- 
noncoding regions of two of these genes 
are identical to that of a muscle actin 
CDNA, HrcMA4. These genes are termed 
HrMA4a and HrMA4b, respectively. HrMA4a 
gene comprises three exons and the 
positions of each intron are identical to 
those of vertebrate muscle actin genes. 
The 5'-flanking region of HrMA4a gene 
contains some consensus promoter 
sequences. A TATA box is located at -30 
and a CArG box at -116. Four E-box 
sequences (CANNTG) known as biding sites 
for myogenic determination factors in 
vertebrate cells are contained within a 
200-bp portion of the 5’-flanking region 
of HrMA4a gene. 


ENDODERM FATE IS DETERMINED BY CYTOPLASMIC 
FACTORS LOCALIZED IN ASCIDIAN EGG 

Hiroki Nishida 
Faculty of Liberal Arts, Kobe Univ. 


Determination of developmental fates of 
the blastomeres of ascidian embryos has 
been thought to be mediated by localized 
cytoplasmic factors in egg. In this study 
direct evidence of the presence of egg 
cytoplasm that cause cells to give rise to 
endoderm during embryogenesis of 
Halocynthia roretzi. 

Presumptive epidermis blastomeres were 
fused with cytoplasmic fragments made from 
various region of eggs. The fused cells 
developed into multicellular embryos. 

Then differentiation of endoderm cells was 
monitored by detecting endoderm-specific 
alkalin phosphatase. Endoderm 
differentiation was observed only when 
cytoplasm of restricted region of egg were 
fused to presumptive epidermis blastomeres, 
indicating that cytoplasmic determinants 
for endodermal fate are already present 
and are localized in uncleaved eggs. 
Results suggested that endoderm determin- 
ants were segregated by ooplasmic movements 
after fertilization, initially to vegetal 
pole of egg, then disperse to anterior, 
vegetal, and posterior region, from where 
endoderm-lineage cells are formed by 
successive cleavages. 


LOCALIZATION OF ARCHENTERON FORMING 
ABILITY IN STARFISH OOCYTES. 

R. Kuraishi and K. Osanai. Mar. Biol. Stn. 
Asamushi, Tohoku Univ., Aomori. 


To gain information about how the pre- 
sumptive archenteron area is determined in 
Asterina pectinifera, vegetal peripolar 
zone of GV oocytes had been cut off using 
a glass needle along a parallel of lati- 
tude. When volume of the deleted fragment 
had been less than 6% of that of a whole 
oocyte, most of the larvae started ar- 
chenteron formation before intact ones 
reached the end of early gastrula stage. 
When the volume deleted had been more than 
8%, archenteron.formation was strongly 
suppressed. In control larvae, in which a 
part of equatorial zone had been cut off 
at the GV stage, an archenteron was formed 
normally. This result shows that ability 
to initiate archenteron formation is 
localized in the peripolar 8% zone. 

It has been proposed that factors which 
regulate process of archenteron formation 
may exist mainly in the cortical area of 
an egg. Estimated volume of blastoderm 
that inherit cortex of the 8% zone in a 
intact larva 1s about 1/ tor sencmwaomces 
This is identical to archenteron volume of 
a larva at the end of early gastrula 
stage. The area that solic eaneomaac 
archenteron arter \the) | eassiiyacaistssut 
stage, which becomes posterior half of the 
stomach and the intestine of a bipinnaria, 
seems to be determined after the GV stage 
by means of interactions with the 8% zone. 


ARCHENTERON-FORMING ABILITY OF VEGETAL 
REGION OF STARFISH EGG (2). 

M.Kiyomoto Y.Akai, and H.Shirai. Ushimado 
Marine Laboratory, Univ. of Okayama, Oku. 

Archenteron-forming ability, localized 
in vegetal region in immature or mature 
oocytes of the starfish, Asterina 
pectinifera, was further investigated with 
cell fusion thechnique. Fusion conditions 
(whole egg-whole egg): AC 1MHz 20V 20sec/ 
DC 50V 40usec/AC 5sec/DC 40usec/AC 5sec/DC 
40usec, with comb-style electrode (lmm 
distance) of Shimazu cell fuser SSH-1, 
(fragment-fragment): AC 5sec/DC 100V 
5O0usec/AC 3sec/DC 50usec/AC 3sec/DC 
5Ousec, with needle-style electrode (1mm 
distance). AC: for inducing pearl chains 
of cells; DC: for protrusion formation and 
membrane fusion. 

Animal egg fragments(AEF), generally 
develop only to so-called permanent 
blastulae, were fused electrically with 
egg fragments of various regions from a 
whole oocyte. Only AEF fused with egg 
fragments containing vegetal region formed 
archenteron and developed to bipinnariae. 
Some of them developed to brachiolariae 
and metamorphosed to juveniles. Vital 
Staining indicated that the formed 
archenterons consisted of descendant cells 
of the vegetal fragments. AEF fused with 
vegetal fragment (only 10 % of a whole 
oocyte) could develop to bipinnariae. 
Outer cytoplasm of the vegetal fragment 
showed greater archenteron-forming ability 
than that of the vegetal inner cytoplasm. 


Developmental Biology 1083 


INFLUENCE OF MICROMERES ON THE MESOMERE 
SKELETOGENESIS OF A SAND DOLLAR, 
PERONELLA JAPONICA. 

S. Amemiya, Misaki Marine Biological 
Station, University of Tokyo, Kanagawa. 


It was reported in the previous paper 
that mesomeres isolated from 16-cell stage 
embryos of a sand dollar, Peronella 
japonica cultured in Catt-free sea water 
after that the fertilization membrane was 
removed by trypsin, had potential to form 
spicules which were never formed by 
mesomeres in the normal embryos. For 
examining the cell interaction between 
mesomeres and micromeres which formed 
spicules exclusively in the normal embryos, 
mesomeres and micromeres were isolated from 
16-cell stage embryos obtained by the 
procedure described above, and the cell 
aggregates consisted of sixteen mesomeres 
combined with different numbers of 
micromeres were formed. The results 
indicated that the signal transmitted by 
micromeres (and their descendant cells) 
suppressed the spicule formation of the 
cells derived from mesomeres. The 
suppression of mesomere skeletogenesis was 
dependent on the number of micromeres 
combined with the mesomeres, suggesting 
that cell interaction similar to it 
reported between primary and secondary 
mesenchyme cells took place between the 
descendant cells of micromeres and 
mesomeres,. 


OCCURRENCE OF MANNOSE REDUCTION IN PRIMARY 
MESENCHYME CELL (PMC) ADHESION MOLECULE 
(PAMLIN) AT PMC MIGRATION TERMINATION SITE 
IN EUECHINOIDEA EARLY GASTRULAE. 

H. Katow, Biol. Lab., Rikkyo Univ., Tokyo. 


PMCs of euechinoidea embryos terminate 
their migration at two particular ventro- 
lateral sites at early gastrula stage. A 
previous report that concanavalin A (con 
A)-binding substance that locates on entire 
basal lamina in swimming and mesenchyme 
blastulae is lost only at the vegetal 
hemisphere in early gastrulae suggests 
that the con A-binding substance partici- 
pates in formation of PMC migration termi- 
nation site. In this study initial biochem- 
ical properties of con A-binding substance 
in basal lamina of swimming blastulae, 
mesenchyme blastulae and early gastrulae of 
Clypeaster japonicus and Hemicentrotus 
pulcherrimus were examined by 10% SDS-PAGE. 
Its biological functions were also studied 
by in vitro PMC culture on nitrocellulose 
filters to which basal lamina components 
have been electrophoretically transferred. 
Among numerous con A-binding bands seen in 
10% SDS-PAGE gel, only one band was lost at 
early gastrula stage. Its Mr was 85kD in C. 
Japonicus embryos and 52kD in H. pulcherri- 
mus, and they were glycoproteins. PMCs of 
H. pulcherrimus specifically bound to the 
mannose-containing 52kD molecule but not 
to the mannose-deficient one. The 52kD 
molecule was proposed to name PAMLIN for 
PMC Adhesion Molecule in basal Lamina. 


MITOCHONDRIAL ACCUMULATION IN’ BLASTOCOEL 
WALL CELLS AT PRIMARY MESENCHYME CELL 
MIGRATION TERMINATION SITE IN SEA URCHIN 
EARLY GASTRULAE. 

Y. Nakajima~ and H. K tow. Inept. Biol, , 
Keio Univ., Yokohama, Biol.  Lab., Rikkyo 
Univ., Tokyo. 


Accumulation of mitochondria on the 
basal side of blastocoel wall cells at 
primary mesenchyme cell (PMC) sessile site 
in early gastrulae of the sea _ urchin, 
Hemicentrotus pulcherrimus, was demonstrat- 
ed to be participating in PMC migration 
termination by transmission electron mi- 
croscopy, histochemistry with laser dye 
rhodamine 123, and a respiratory inhibitor 
of mitochondria, carbonyl-cyanide-N-chloro- 
phenyl hydrazone (CCCP). Three-D image of 
early gastrula reconstructed using a laser- 
scanning confocal microscope clearly showed 
mitochondrial accumulations at the sites 
that located coincide with PMC migration 
termination sites shown in early gastrulae. 
The mitochondrial accumulation occurred 
only during termination of PMC migration. 
CCCP dose dependently inhibited PMC migra- 
tion termination and ultrastructurally 
swelled mitochondria, but did not inhibit 
mitochondrial accumulation. On the other 
hand, bacterial protein synthesis inhibi- 
tors, rifampicin and chloramphenicol, did 
not inhibit PMC migration termination. 

The present results suggested that 
accumulated mitochondria at PMC sessile 
site contribute to PMC migration termina- 
tion through energy supply. 


CORRELATION BETWEEN CHANGES IN CELL SHAPE 
AND NEGATIVE CELL SURFACE CHARGE DURING 
CLEAVAGE STAGES OF SEA URCHIN EMBRYOS. 
Y.Yamamoto and T.Kominami. Dept. of Biol., 


Fac. of Sci., Ehime Univ. Matsuyama. 


Blastomeres of sea urchin embryos 
become columnar after the 7th cleavage. 
This change in cell shape was ascertained 
by measurments of the ratio of closely 
apposed region to the cell height, and the 
ratio of height to width of the cell. Both 
ratios markedly increased after the 7th 
cleavage. We also estimated the negative 
cell surface charge by cell electrophoresis 
during cleavage stages. Fertilized eggs 
and blastomeres of early cleavage stage 
embryos showed high electrophoretic mobili- 
ties. However, amounts of surface charge 
became small in process of cleavages. 
After the 6th cleavage, amounts of surface 
charge were two thirds or a half of the 
initial level. Treatment of early cleavage 
stage embryos with 50 mM LiCl was found to 
accelerate the cell shape change. Electro- 
phoretic mobilities of the blastomeres of 
the LiCl-treated embryos were significantly 
smaller than those of control embryos. In 
addition, blastomeres of the LiCl-treated 
embryos were observed to be more adhesive, 
because the treated embryos were not fully 
dissociated into single cells with Ca2*, 
Mg2*-free S.W. treatment. From these 
results, we concluded that the decrease in 
the negative cell surface charge is one of 
the factors that affect the change in cell 
shape after the 7th cleavace. 
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A NEW EXTRACELLULAR MATRIX PROTEIN IN 
SEA URCHIN EGGS 2 9 

E. Nakano , V. Matranga,, DP. Di Ferro , 
F. Zito and M. Cervello Dept. of Biol. 
Nagoya Univ., Nagoya and Ist. di Biol. 
dello Sviluppo, CNR, Palermo, Italy 

A new extracellular matrix protein has 
been purified from eggs of the Mediter- 
ranean sea urchin, Paracentrotus lividus. 
The molecule is a 210 kD dimer consisting 
of two 105 kD subunits that are held to- 
gether by S-S bridges. In the unfertil- 
ized eggs, the protein is found within 
granules uniformly distributed throughout 
the cytoplasm. After the eggs is fertil- 
ized the antigen is polarized to the api- 
cal surface of ectodermal and endodermal 
cells during all of the developmental 
stages examined, until the pluteus larva 
is formed. The protein promotes the ad- 
hesion of blastula cells to the substrate 
and is antigenically distinct from echino- 
nectin. 

A similar protein has been also obtain- 
ed from gonads of the Japanese sea urchin, 
Temnopleurus hardwickii. These proteins 
May correspond to the collagen-binding 
proteins synthesized during the early 
stages of development in the embryos of 
Hemicentrotus pulcherrimus, Anthocidaris 
crassispina, Pseudocentrotus depressus 
and Dendraster excentricus. 


FLUORESCENT IMMUNO-CYTOCHEMICAL STUDY OF 
THE FORMATION OF ARCHENTERON AND GUT OF 
SEA-URCHIN EMBRYOS BY USING A MONOCLONAL 
EGG-SURFACE ANTIBODY 

he Yazalkie Dep eEE Ores TOT Hach Ohms CAs, 
Tokyo Metropolitan Univ., Tokyo. 


A monoclonal antibody (McAb ES-1) which 
was prepared against the isolated cortices 
of Hemicentrotus pulcherrimus bound to the 
egg surface and apical surface of blasto- 
meres. Immunoprecipitation with McAb ES-1 
showed a single band at 175KD. By immuno- 
fluorescent microscopy, the 175K protein 
existed on the apical surface of all cells 
by blastula stage, but disappeared from 
primary and secondary mesenchyme cells and 
archenteron, although it remained on the 
deepest cells of archenteron. At the 
prism stage, 175K protein was found inner 
side of esophagus which derived from the 
top region of archenteron, but never found 
in stomach and intestine. By serial sect- 
ion, 175K protein was found in esophagus 
before opening to the mouth. By immuno- 
blot analysis, 175K protein was discrimi- 
nated from the hyaline layer substances 
which located on the apical surface of 
both ectodermal cells and archenteron. 

These observations suggest that 1) 175K 
protein is one substance specific for 
ectoderm. 2) Esophageal cells share common 
antigenicity with ectodermal cells. 3) Af- 
ter excretion of 175K protein, esophageal 
cells may connect to the epidermal cells 
having 175K protein and open to the mouth. 


THE ACID-INSOLUBLE ORGANIC MATRIX OF SPIC- 
ULES IN THE SEA URCHIN HEMICENTROTUS PUL- 
CHERRIMUS. =e 
S.Nakamura, R.Kagotani, H.Fujisaki and M.K. 
Kojima. Dept. Of Biole face Ores cla 
Toyama Univ., Toyama. 


A mineralized skeleton of spicules is 
one of the most conspicuous structures in 
sea urchin embryos. Previous investiga- 
tions of the development of the skeleton in 
sea urchin larvae showed that the primary 
mesenchymal cells play a major role in 


spicule formation. However, the control 
of spicule formation has not yet been fully 
resolved. To obtain further information 


about biomineralization in sea urchin em- 
bryo, we have observed the structure of the 
acid-insoluble organic matrix (AIOM) by 
light and electron microscopy. The spic- 
ules were isolated from pluteus larvae of 
Hemicentrotus pulcherrimus with a combina- 
tion of detergents (Triton X-100, Na deoxy- 


cholate) and Na hypochlorite. AIOM was 
obtained by demineralization of the spic-— 
ules with 0.1 N acetic acid. We found 


that AIOM has many fibers which are twined 
loosely (diameter:~27 nm) or tightly (di- 
ameter:~ 16 nm). We could not see a peri- 
odic pattern on the fibers in our prepara- 
twvone Moreover, AIOM contained two types 
of granules. One type of them resembled 
nucleus but lacked membrane. The other 
type of them had large vacuoles with pe- 
ripheral deposits of electron dense materi- 
als. 


EFFECTS OF BLASTOCOELIC SUBSTANCES OF GAS- 
TRULA ON SPICULE FORMATION IN ISOLATED 
MICROMERE DESCENDANT CELLS OF SEA URCHIN 
EMBRYOS. 

D.Tanaka, S.Nakamura and M.K.Kojima. Dept. 
of Biol., Fac. of Sci., Toyama Univ., Toyama. 


Micromere descendant cells were isolated 
from hatched blastulae and cultured in ar- 
tificial sea water (ASW) containing sub- 
stances of blastocoelic fluid of gastrulae 
(GE). When the descendants were incubated 
in GE-ASW, the rate of spicule formation 
was considerably enhanced in comparison 
with that in the case of culture in ASW 
only. Concentrated GE was applied to DEAE 
Sephadex A-50 and three major peaks were 
detected by absorbance at 280 nm. The frac- 
tion of the second peak had the highest ac- 
tivity to induce the spicule formation. 

In another series of the experiments, 
eggs were transferred into SOs°-free ASW at 
5 min after insemination and kept there un- 
til control embryos developed to the gas- 
trula stage and, then, GE was obtained from 
those embryos. When micromere descendants 
were cultured in ASW containing such GE, 
the rate of spicule formation became much 
higher than that in the case of culture in 
ASW containing GE of normal gastrula em- 
bryos. We are now studying the differences 
in nature between the two GEs. 
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THERMOSENSITIVITY OF A HYBRID BETWEEN TWO 
SPECIES OF SEA URCHIN DIFFERING IN EMBRYONIC 
THERMOSENSITIVITY 

H. Fujisawa. Fac. Educ., Saitama Univ., Urawa. 


Sea urchin embryos develop normally at tempera- 
tures within a species-specific optimal range, and 
within this range their developmental rate is 


dependent upon temperature. This embryonic thermo- 


sensitivity of sea urchins is well correlated with 
their distribution and spawning season. However, 
the physiological basis of the thermosensitivity 

is still unclear. In the course of this study, I 
was able to confirm the maternal nature of thermo- 
sensitivity of sea urchin embryos. 

The echinoids used were the sand dollar 
Dendraster excentricus and the regular sea urchin 
Strongylocentrotus purpuratus. The sand dollars 
were gathered at Buck Bay on Orcas Island; the sea 
urchins were collected at Clallum Bay on the 
Olympic Peninsula, Washington State, U.S.A. Embryo- 
nic thermosensitivity differed between the two 
species: optimal temperature ranges were 8 - 22°C 
for D. excentricus embryos and 5 - 16°C for S. 
purpuratus embryos. 

It was possible to fertilize D. excentricus 
eggs with S. purpuratus sperm at a high rate 
according to Whiteley’s method. The hybrids were 
able to develop to the late gastrula stage, and 
showed several! morphological and functional 
features indicative of paternal inheritance. 
However, the thermosensitivity of the hybrids was 
completely the same as that of D. excentricus 
embryos. This result demonstrates that the embryo- 
nic thermosensitivity is determined by an egg 
cytoplasmic factor. 


CHANGES OF EXOGASTRULA-INDUCING ACTIVITIES 
IN EGGS OR EMBRYOS OF THE SEA URCHIN, AN- 
THOCIDARIS CRASSISPINA, DURING DEVELOPMENT 
T.Suyemitsu, F.Pujii, K.Kinoshita, K.Yama- 
su and K.Ishihara. Dept. of Reg. Biol., 
Fac. of Sci., Saitama Univ., Urawa. 

Ten million eggs or embryos of the sea 
urchin, Anthocidaris crassispina, were 
collected at various stages. Their homoge- 
mates were applied to DEAE-cellulose co- 
lumn and the flow-through fractions were 
obtained. The assay of exogastrula-indu- 
cing activities in the flow-through frac- 
tions revealed that there are activities 
in all the fractions between unfertilized 
eggs and plutei and that the activities 
are reduced by half after fertilization, 
increased during gastrulation and then 
gradually decreased after late gastrula 
stage. This result suggests that the acti- 
vity in the unfertilized eggs is due to 
the presence of maternal exogastrula-indu- 
cing peptides. The flow-through fractions 
were applied to Sephadex G-100 column and 
the activities of the eluate were assayed. 
The low-molecular fractions separated by 
the column at the stages from unfertilized 
eag to prism contained activities, while 
the medium-molecular fraction in plutei 
contained the activity. This result was 
confirmed by Western blotting of eggs or 
embryos to nitrocellulose sheet and treat- 
ment with anti-peptide D serun. 


THE EFFECT OF EGIP ON CELL PROLIFERATION 
OF SEA URCHIN EMBRYOS. 

Y.Fujita, K.yamasu, T.Suemitsu, and 
K.Ishihara. Dept. of Regulation Biology, 
Fac. of science, Saitama Univ.,Urawa. 


We investigated the effect of exogastru+ 
la-inducing peptide (EGIP) on cell prolif- 
eration of isolated blastomeres of the sea 
urchin embryo, Anthocidaris crassispina. 

Mesomere pairs and macromeres separated 
at 16-cell stage were cultured in ASW with 
or without EGIP and the cell number were 
estimated by staining with hoechst dye. At 
the same time, the cell proliferation of 
intact embryos were compaired with those 
of EGIP-treated embryos, using anti-BrdU 
monoclonal antibody. EGIP treatment delay- 
ed proliferation of macromeres transiently 
just before gastrulation of normal 
embryos, but did not affect mesomeres. It 
was observed by staining with anti-BrdU 
antibody that local proliferation in vege- 
tal hemisphere was observed during primary 
invagination in normal embryo, while such 
a localization was not observed in EGIP- 
treated embryos. Anti-tubulin antibody 
staining of embryos indicated that the 
well developed microtubules in the vegetal 
hemisphere in normal embryos were not 
observed in EGIP-treated embryos. 

these results suggests that EGIP inhibits 
vegetal hemisphere or macromeres, result- 
ing in induction of exogastrulation. 


DISTRIBUTION OF EGIP-D IN EMBRYOS OF THE 
SEA URCHIN,Anthocidaris crassispina. 
N.Mizuno, K.Yamasu, T.Suyemitu, K.Ishihara 
and I.Uemura*.Dept.of Reg.Biol.,Fac.of 
Sci.,Saitama Urawa.*Dep.of Biol. ,Fac.of 
Sci.,Tokyo Met.,Univ.,Tokyo. 


a 
Polyclonal antisera against EGIP-D were 


used to detect cellular distribution of 
EGIP in sea urchin embryo. 

EGIP exists in unknown vesicles which 
disperse uniformly in ovarian oocytes and 
in unfertilized eggs. After fertilization, 
these vesicles move to cortex,locate at 
apical side of embryonic cells and archen- 
teron,and also in mesenchyme cells,which 
were resulted from the observations on 
whole and section of embryos. Acrydine 
orange staining to identify acidic vesicl- 
es revealed the similarity of the vesicles 
in size and behaivor to the EGIP-containi- 
ng vesicles. Electron microscopic investi- 
gation of the vesicles stained with 
HRP-labeled antibody against anti-EGIP 
antibody indicated that EGIP was contained 
in acidic ves-icles which located at apical 
side of embryonic cells. 

These results suggest that acidic vesicl- 
es contain EGIP and scatter uniformaly in 
germ cells befor fertilization. EGIP-con- 
taining vesicles migrate to cortex after 
fertilization and locate at apical side of 
embryonic cells including mesenchime 
cells, 
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STRUCTURE AND EXPRESSION OF THE GENE _ FOR 
THE PRECURSOR OF EXOGASTRULA-INDUCING 
PEPTIDES. 


K.Yamasu, Y.Haruguchi, N.Nakamura, lure 
Suyemitsu and K.Ishihara. Dept. of 
Regulation Biol., Fac. of Sci., Saitama 
Univ., Urawa. 


We obtained cDNA clones for exogastrula- 
inducing peptides (EGIPs) from the library 
of gastrula embryos of the sea urchin, An- 
thocidaris crassispina. The cDNAs encode 
a protein of 36.5 kDa which includes a 
typical signal sequence and four  EGF- 
motifs, three of which correspond to the 
sequences of EGIPs-A, -C, and -D. This 
suggests that the three EGIPs are syn- 
thesized as a single secretory protein 
which is subject to specific processing 
after synthesis. The fourth motif has not 
been identified till now in the embryos. 
Abnormal cDNA clones were also obtained 
which might be generated by erroneous 
splicing of the nuclear transcript of EGIP 
gene. Northern analysis revealed a single 
band of about 1.7 kb. The mRNA, which ex- 
ists in unfertilized eggs, gradually 
decreased through mesenchyme blastula 
stage, then increased rapidly during 
gastrulation. By Southern analysis, only 
one copy of EGIP gene was detected in the 
genome of the sea urchin. The structure 
of EGIP precursor had some homology with 
that of SpEGF2, an EGF-related gene of 
S.purpuratus. A comparison study revealed 
that EGIP and SpEGF2 belong to a novel 
type of EGF-related proteins. 


ACTIVITY AND EXPRESSION OF NA*,K*-ATPASE IN 
EMBRYOS OF THE SEA URCHIN, Hemicentrotus 
pulcherrimus, DURING EARLY DEVELOPMENT. 
K.Mitsunaga-Nakatsubo?, K.Yamazaki+, 
H.Kawashita*, K.Yamada?, K.Akasaka?, 
H.Shimada* and I.Yasumasu?. +1Dept. of 
Biol., Sch. of Educ., Waseda Univ., Tokyo, 
2Zool. Inst., Fac. of Sci., Hiroshima 
Univ. , Hiroshima. 

Actinomycin D-sensitive increase of 
Na~,K*-ATPase activity is measured at the 
gastrula stage, which is highly distributed 
in ectoderm cells. We have isolated and 
characterized the cDNA of a-subunit to 
study its expression and function during 
development. 

Structural analysis of the a-subunit cDNA 
allowed the identification of four 
conserved regions of catalytic site and 
predicted a polytopic protein with eight 
membrane spanning regions. The amino 
terminal region contained a _ lysine-rich 
sequence similar to that of the other 
species, although the homology was’ lower 
than the rate between vertebrates. 

Northern blot analysis with the specific 
sequence of the cDNA only to Na~,K*-ATPase 
revealed that this mRNA was expressed 
maximally at the mesenchyme blastula stage 
preceding the increase of the activity. 
This mRNA was predominantly expressed in 
ectoderm cells. The amount was maintained 
even after the gastrula corresponding stage 
in the animalized embryos and was poor in 
vegetalized embryos. 


EFFECTS OF TYROSINE KINASE INHIBITORS ON 
EARLY DEVELOPMENT OF THE SEA URCHIN 

M. Abe, I. Mabuchi, Y. Uehara. Dept. of 
Biol., Tokyo Inst. of Technology, Tokyo, 
Dept. “of Biol .;*" College “of TAtmesmeane 
Sciences, Univ. of Tokyo, Tokyo, Dept. of 
Antibiotics, Natl. Inst. of Health, Tokyo. 


We studied effects of herbimycin A 
(HMA) and ST638, which are known to be 
specific inhibitors of tyrosine kinases, 
on early development of the sea urchin, 
Hemicentrotus pulcherrimus and Clypeaster 
japonicus. Embryos developed normally 
until the blastula stage in the presence 
of these inhibitors. However, swimming 
ability of the embryos was lowered, 
gastrulation was delayed and incomplete, 
and secondary mesenchymal cells did not 


appear. The spicule formation was 
completely inhibited by HMA. In case of 
ST638, several spicules were formed, 


which should normally be one pair. We 
determined the points in the course of 
development which are sensitive to the 
inhibitors it was 22-25 hours after 
fertilization for SLl638 and e2 0-25 shionms 
after fertilization for HMA. 

These results suggest that tymocame 
kinases contribute to the spicule 
formation and gastrulation of the sea 
urchin. 


PROBABLE PROTEINS TO BE PHOSPHORYLATED IN 
THE REACTIONS BY PROTEIN KINASES IN SEA 
URCHIN EMBRYOS DURING EARLY DEVELOPMENT. 
M. Okuyama, S. Furuya, Y.Kamata and 
I.Yasumasu. Dept. of Biol., Sch. of 
Educ., Waseda Univ., Tokyo. 


The activities of A kinase, G kinase 
and CaM kinase in nucleus fraction and in 
whole homogenate of sea urchin embryos 
were high at the morula and gastrula 
stage. The activity of C kinase was quite 
low in nucleus fraction and whole 
homogenate of embryos at the morula and 
the swimming blastula stage and 
appreciably high at the gastrula stage. 
The activities of these enzymes were 
estimated using histone as the substrates. 
The activity of casein kinase, estimated 
using casein as substrate, was mainly 
found in nucleus fraction and was also 
high at the morula and the gastrula stage. 
Endogenous proteins to be phosphorylated 
by these enzymes were identified on 
fluorographs of SDS-PAGE. After the 
incubation of whgle homogenate or nucleus 
fraction with P-ATP in the presence of 
CAMP, cGMP, Ca“* -calmodulin, spermine or 
thg mixture of TPA, phosphatidylserine and 
Ca“*, SDS-PAGE was performed ang, compared 
with - SDS-PAGE pattern of P-labeled 
proteins in whole homogenate or nucleus 
fraction incubated in the presence of 
HA1004, W-7, hepalin and H7. The results 
suggest that specific protein are 
phosphorylated by these protein kinase, 
respectively. 
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EXAMINATION OF PROCEDURES FOR THE 
PURIFICATION OF CASEIN KINASE IN SEA 
URCHIN EMBRYOS. 

T. Natsume!, M. Kawamoto!, Y.Masuyama?, 
and I. Yasumasu! ‘Dept. of Biol., Sch. of 
Educ., Waseda Univ., Tokyo, Yamanouchi 
Pharma. CO., LTD., Tokyo. 


It has been reported that the activity 
of cyclic nucleotides independent protein 
kinase, using casein as the substrate, is 
enhanced by spermine and inhibited by 
heparin in nucleus fraction of sea urchin 
embryos. The activity localized in nuclei 
was high at the morula and the gastrula 
stage. Extract with 0.5M NaCl of nucleus 
fraction isolated from gastrulae (24 hr 
after fertilization at 20C) were used for 
the purification. Trials to purify this 
enzyme were made and was not successful 
because of low recovery in DEAE chromatog- 
raphy. In the present study, yields and 
specific activities were examined after 
affinity chromatograph (using casein as 
the ligand), DEAE cellulose chromatograph 
and gel filtration (G-200). The affinity 
chromatography was effective to obtain 
good yields and considerable high specific 
activities of this enzyme. DEAE cellulose 
chromatography and gel filtration exhib- 
ited several peaks of this enzyme activity 
and the yields and specific activities in 
these peaks indicated that these 
procedures were also effective to purify 
this enzyme. 


[ADP-RIBOSYL]JATION OF PROTEINS IN PLASMA 
MEMBRANE FRACTION AND NUCLEUS FRACTION. 
Y.Kamata, S.Furuya, M.Okuyama and 
1.Yasumasu. Dept. of Biol., Sch. of Educ., 
Waseda Univ., Tokyo. 


On fluorograph of SDS-PAGE, bands of 
proteins with molecular weights of 22 and 
68K were found in plasma membrane gpaction 
incubated for ihr at 20°C with {°“P]-NAD 
in unfertilized eggs, fertilized eggs, 
morulae, bilastulae and gastrulae. The 
labeling intensities in these proteins 
were the same in embryos at all examined 
stages. The ADP-ribosyltransferase 
activity remained practically unchanged 
during early development. These proteins, 
[ADP-ribosyl Jated in plasma membrane 
fraction, were quite different in their 
molecular weights from those in nucleus 
fraction. In nucleus’ fraction, main 
proteins to be [ADP-ribosylJjated were 
those with molecular weights of 120, 90, 
35 and 20K in embryos at all examined 
stages. The ADP-ribosyltransferase 
activity was high in nucleus fraction at 
the morula and the gastrula stage and was 
quite low at the bliastula stage. 

On the basis of molecular weights of 
proteins, protein species to be _ ([ADP- 
ribosyljated in nuclei are assumed to be 
the same in embryos at all examined 
stages, though the activity of ADP- 
ribosyltransferase dramatically changed 
during early development. 


ROLE OF 5'FLANKING SEQUENCE IN THE 
REGULATION OF ARYLSULFATASE GENE IN SEA 
URCHIN DEVELOPMENT. 

H.Shimada, K.Yamada, K.Akasaka, S.Eguchi 
and T.Yamamoto, Zool. Inst., Fac. Sci., 
Hiroshima Univ., Hiroshima. 


Expression of the arylsulfatase(Ars) gene 
during early development of the the sea 
urchin, Hemicentrotus pulcherrimus, occurs 
in stage-specific as well as tissue- 
specific manners. Its transcription begins 
at the hatching blastula stage and become 
restricted to aboral ectoderm in the 
gastrula stage. To study the mechanism 
regulating specific expression of the Ars 
gene in early development, we determined 
the nucleotide sequence of its 5'flanking 
region, ligated this region to bacterial 
CAT gene, linearized, and microinjected 
this fusion gene to unfertilized egg of the 
sea urchin. The injected exogenous DNA was 
replicated during cleavage, and the amount 
of the exogenous DNA per an embryo from the 
blastula to prism stage were comparable in 
its copy number. The injected Ars-CAT 
fusion gene was expressed in a stage- 
Specific manner with its transcription 
beyinninyg at the hatching blastula staye. 


CIS-ACTING ELEMENTS REGULATING THE 
EXPRESSION OF ARYLSULFATASE GENE IN SEA 
URCHIN EMBRYO. 

S.Eguchi, K.Yamada, T.Yamamoto, K.Akasaka 
and H.Shimada, Zool,Inst,Fac,Sci,Hiroshima 
University,Higashihiroshima 724,Japan. 


The fusion gene constructs containing the 
bacterial CAT gene and the full spun of 5' 
flanking sequence of the Ars gene (between 
-2 and -3000) of sea urchin, Hemicentrotus 
pulcherrimus, were microinjected into 
unfertilized sea urchin eggs, and 
expressed under proper temporal regulation. 
To find the cis-acting regulatory elements 
required for proper ontogenic expression of 
Ars gene, we have injected the various mutant 
constructs into unfertilized sea urchin 
eggs, and monitored their expression during 
development. 

Deletion analysis revealed the existence 
of an enhancer sequence between -1900 and 
-3000. The rate of expression of the 
injected plasmid, pArs-CAT, clearly 
depended on the presence of this region. In 
addition, the existence of a 
transcriptional repressor or silencer 
between -1400 and -1900, and a minimal 
promoter between -2 and -250 has been shown 
by internal deletion analysis. 


L088 Developmental Biology 


DEVELOPMENTAL APPEARANCE OF FACTORS THAT 
BINDS SPECIFICALLY TO THE ENHANCER REGION 
OF SEA URCHIN ARYLSULFATASE (Ars) GENE. 
K.Yamada, S.Eguchi, J.Morokuma, K.Akasaka, 
and H.Shimada, Zool.Inst.,Fac.Sci.,Hiroshima 
University,Higashihiroshima 724,Japan. 


SS TD 


Arylsufatase(Ars) gene of sea urchin, 
Hemicentrotus pulcherrimus is activated in 
late cleavage, exclusively in aboral cell 
lineage. We have identified a 
transcriptional enhancer sequences located 
between -2000 and -3000 by using 
microinjection-mediated gene transfer 
system (in a preceding report). In this 
study, we have investigated interactions 
between sequences of the enhancer region 
and proteins present in salt extracts 
derived from sea urchin embryo nuclei by 
DNasel footprinting and Mobility shift 
analysis. 

At least 7 different specific 
interactions occurred within the enhancer 
region, one of which occurred on a sequence 
(ATTGCGCC) that is known to be a target 
site of sea urchin transcription factor 
P3A1 (Calzone et al. 1991). The factor 
prevalence in the nuclear extracts prepared 
from different stages followed two 
developmental patterns . Five of them were 
found in unhatched blastula (Ars gene is 
inactive) at about the equal level with 
gastrula embryo (Ars gene is active). The 
activities of the other two were low in 
unhatched blastulae and increased during 
development. 


SILENCER ELEMENT IN SEA URCHIN 
ARYLSULFATASE (Ars ) GEYE. 1 
T.Yamamoto, K.Yamgda , S.Eguchi, . 
K.Akasaka~, S.Irie“~, H.Shimada. ~Zool. 
Inst. .ehac. Of Sei.) snLroshimal Unisys: 
igashihiroshima 724 Japan. 
“Mitsubishikasei Inst., of Life Sci. 


5' flanking region of the arylsulfatase 
(Ars) gene of the sea urchin 
(Hemicentrotus pulcherrimus) contains 
an unusually long polypyrimidine-polypurine 
(Pyr-Pur) sequence. In vivo transient 
expression experiments showed that the 
Pyr-Pur sequence is negatively regulating 
the Ars gene expression( in a preceding 
report ). To find out the role of the 
Pyr-Pur sequence in Ars gene expression, 
we searched for nuclear proteins of the 
sea urchin embryos that bind to this 
sequence and then partially purified these 
proteins by DEAE cellulose and heparin 
agarose. 

By gel mobility shift assay and DNase I 
footprinting analysis the sequence-specific 
DNA binding proteins that interact with the 
Pyr-Pur sequence were detected. These 
proteins bind to the oligo d(G)-d(C) string 
as determined by competition experiment 
using synthetic poly d(G)-d(C), and 
requires divalent cations for its 
interaction with DNA. 


SOUTH-WESTERN BLOT ANALYSIS OF PROTEINS 
THAT BIND TO G-STRING OF SEA URCHIN 
ARYLSULFATASE GENE 

S.Tanaka, K.Yamada, K.Akasaka and 
H.Shimada, Zool.Inst., Fac.Sci., Hiroshima 
Univ., Higashi-Hiroshima 724 


Nuclear proteins that bind to the G-string 
sequence located between -1,379 and -1,391 
of the Ars gene were studied by south- 
western blotting. DEAE cellulose column 
chromatography of these proteins revealed 
the existence of several G-string binding 
proteins in the nuclear extract from 
various stages of development. At the time 
of hatching some of these proteins became 
undetectable, while some new south-western 
bands appeared after hatching. It may be 
that these proteins are related to the 
regulation of initiation of the Ars gene 
expression in hatching blastula, though we 
do not know at present whether 
disappearance and reappearance of these 
bands are due to modification of the 
binding proteins to decrease their negative 
charges or due to breakdown of these 
proteins at hatching and reappearance of 
totally new proteins in mesenchyme 
blastula, 


EFFECT OF APHIDICOLIN ON CELL 
PROLIFERATION IN SEA URCHIN BLASTULAE. 
H. Mizoguchi, Lab. of Biol., Jun. Col. of Rissho 
Univ., Saitama. 

In the aphidicolin treated embryos of sea urchin 
at the blastula stage, cell proliferation study was 
performed to clarify the cellular mechanism of 
archenteron formation. 

Treatment of the embryos by aphidicolin(Sum/ml), 
starting at the swimming blastula stage, resulted in 
the inhibition of archenteron formation. Total cell 
number of the embryo did not increase in these 
aphidicolin treated embryos. At the mesenchyme 
blastula and early gastrula stage, the embryos developed 
normally to mid-gastrula even in the presence of 
aphidicolin. Quantitative measurement of cell 
proliferation was done _ following 5- 
bromodeoxyuridine(BrdU) label, assayed by 
immunocytochemistry using monoclonal antibody 
against BrdU and _streptavidin-biotin-peroxidase 
system. Pulse labelling of BrdU in the embryo was 
performed after 2 hrs treatment of aphidicolin. In 
normal swimming blastulae, S phase cells were 
observed found uniformly on the embryo. However, 
S phase cells were hardly found in the embryo treated 
with aphidicolin. 

It seems that aphidicolin acts specifically at the 
stage of swimming blastula to inhibit DNA synthesis 
resulting in developmental arrest of archenteron 
formation. 
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SELECTIVE BINDING OF LECTINS WITH 
EUCHROMATIC REGIONS IN SEA URCHIN 

NUCLEUS. 

K. Yoshii! and S. Kinoshita2?. ‘Biol. Lab., 
St. Marianna Univ., Sch. of Med., 
Kawasaki, and 2Dep. of Biol., Saitama 

Med. Sch., Moroyama, Saitama-ken. 


The distribution of proteoglycans in 
the nucleus of sea urchin embryo was 
studied by means of lectin-binding 
ability using RCA-120 and other lectins. 
(1) Using avidin-biotin complex technique, 
the localization of nuclear proteoglycans 
was found electron microscopically to be 
restricted exclusively to euchromatic 
regions in the nucleus. 

(2) Preferring distribution of proteo- 
glycans to euchromatic regions was 
reflected in the fact that the lectin- 
binding sites were exposed solely after 
partial digestion by pancreatic DNase-I, 
but not by Staphylococcal nuclease. 

It is very likely that the lectin- 
binding sites are more abundant in the 
euchromatic regions than the hetero- 
chromatic ones. 


RORMATION OF NUCLEUS-LIKE STRUCTURES IN THE 
ANIMAL HALF REGION OF XENOPUS LAEVIS FER- 
TILIZED EGGS INJECTED WITH EXOGENOUS DNAS. 
Koichiro Shiokawa*, Manabu Yoshida*, Ryu- 
taro Miyoshi*, and Munefumi Sameshima**. * 
Zool. Institute, Fac. Sci., Univ. Tokyo; 
**Dept. Ophthalmol., Fac. Med., Kagoshima 
Univ., Japan. 


It has been shown that when exogenous 
DNAS were injected into the fertilized egg 
of Xenovus laevis, large nucleus-like 
structures were formed in the cytoplasm. 
However, it has not been tested if the 
nucleus-like structures are formed in the 
certain region of the egg cytoplasm pref- 
erentially. This seems to be an interest- 
ing question to ask, since the egg cyto- 
plasm is not uniform but is arranged along 
with the animal-vegetal axis. 

In the present expveriment, we injected 
relatively large amounts (10 to 20 ng) of 
linear or circular DNAs into the animal or 
vegetal cytonlasm of fertilized eggs of 
Menoous laevis, and cytologically studied 
the site of the formation of the nucleus- 
like structures. Light microscopic exam- 
ination of the injected fertilized eggs 
reveaied that the nucleus-like structures 
are always assembled in the animal most 
region of the egg, even when the injection 
was carried out at the vegetal side. 

Therefore, it appears that the injected 
DNAS are preferentially formed in the 
animal region, probably after being com- 
plexed with maternal histones as revealed 
by immunocytochemical data. 


CHARACTERIZATION OF CONSTITUENT PHOSPHOLIPID 
FATTY ACIDS IN VEGETAL AND ANIMAL HALF 
EMBRYOS AT THE EARLY GASTRULA STAGE OF RANA 
JAPONICA. 

M. Ryuzaki! and Y. Sone?. Dept. of 'Biol. and 2Biochem.., 
Kitasato Univ. School of Medicine, _Sagamihara. 
Clarification was made of the relationship between 
changes in phospholipids and embryogenesis. For this 
purpose, characterization was made of constituent fatty 
acid in  phosphatidylcholine(PC), phosphatidylethanol- 
amine(EP)and sphingomyelin(Sph) molecules from 
vegetal half embryos (Veg), animal quater embryos 
including the region of dorsal blastopore lip (An#1) 
and animal quater embryos (An#2) from. stage 10 
gastrula of Rana japonica. Weight percentages of PC, 
PE and Sph contents to total phospholipid content in 
these specimens and whole embryos were approx. 64- 
66%, 22-25% and 3-4%, respectively. The major 
constituent fatty acids, expressed as weight percentage 
of individual fatty acid content to total fatty acid 
content, in PC’ were palmitic(C16:0) (64-70%), 
oleic(C18:1) (8-18%), stearic(C18;0) (4-6%) and 
myristic(C14:0) (3-7%) and in PE C16:0(ca.39%), 
C18:1(ca.20%), C18:0(ca.12%), C18:2(3-6%), C20:4(4-7%) 
and C14:0(2-6%). The relative weight percentage of 
content and fatty acid composition in PC and PE 
molecules did not change significantly among the 
specimens. The major constituent fatty acis in Sph 
were C16:0(17-34%), C22:1(5-28%), C14:0(15-22%), 
C18:0(ca.7%) and C18:1(5-7%). The contents of C16:0 and 
C22:1 were noted to change remarkably being ca.17% 
and 25-28% in An#l and An#2 and in Veg ca.34% and 
ca.5%, respectively. Change in content thus indicates a 
compensatory _ relationship. 


DEVELOPMENT OF XENOPUS LAEVIS EMBRYOS IN 
WHICH THE LEVEL OF THE THIRD CLEAVAGE 
FURROW WAS ALTERED BY DIFFERENT GRAVITA- 
TIONAL CONDITIONS. 

McoWakaharacl) and! A. swe NefEec2o. ¢13 
ZUG UNSt. . ac. SCL. HOKKaLGO Univ: , 
Sapporo,  ¢2)) Med~ Sel. Prog.., Sch: 


Med., Indiana Univ., Bloomington. IN, USA. 


Using Xenopus laevis developmental 
conseaquneces were monitored under three 
different gravitational conditions: Normal 
gravity (lg, desk top control), 
hypergravity (3g, centrifuged) and 
simulated microgravity (pg, clinostatted). 
We have confirmed that the gravity 
affected reliably on the level of the 
third cleavage furrow. Microgravity caused 
the third cleavage furrow at much lower 
level (near equatorial level). On the 
contrary, hypergravity caused the third 
cleavage furrow at higher level (near the 
animal pole). At blastula stage, pg 
embryos showed a centrally located 
blastocoel which was surrounded by 4 or 5 
layers of animal and 5-6 layers of 
vegetal cells. 3g-embryos had a biasotcoe! 
eccentrically located to the animal pole, 
whose animal cap consisted of only one 
cell layer. At gastrula stage, the dorsal 
lip of blastopore developed near the 
vegetal pole in ug embryos, whereas that 
was formed near the equatorial region in 
3g-embryos. In general, pg-embryos tended 
to develop to the macrocephaly and the 3g- 
embryos to the microcepahly. 
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MELANIZATION INHIBITING FACTOR MAY BE 
RESPONSIBLE FOR THE DORSAL-VENTRAL PIGMENT 
PATTERN FORMATION IN AMPHIBIA. 


ive Fukuzawa , P. Samaraweera, J. H. Law 
and J. T. Bagnara. Dept. of Biology, Keio 
Univ., Yokohama, Dept. of Anatomy, Univ. 


of Arizona, Tucson, U.S.A. 


A dorsal-ventral pigment pattern common 


in vertebrates is characterized by a 
darkly pigmented dorsum and the rightly 
colored ventrunm. Among amphibians, this 


pattern is largely due to the presence of 
melanophores in dorsal skin and their 
almost total absence in ventral skin. We 
have already suggested the possibility 
that a ventrally localized melanization 
inhibiting factor (MIF) may play an 
important role in dorsal-ventral pigment 
pattern formation such that MIF inhibits 
melanization and melanoblast 
differentiation in ventral skin. An anti- 
MIF antibody was obtained from purified 
MIF, which was prepared from ventral skin 
of Rana forreri. The immunohistochemical 
study using this antibody was performed in 
the cross section of Rana pipiens skin. It 
was shown that strong staining against 
anti-MIF was observed in the ventral skin, 
while only a weak staining was detected in 
the dorsal skin. These results support 
the hypothesis that MIF may be responsible 
for the expression of the dorsal-ventral 
pigment pattern of amphibia. 


CONTROLLED SUBSTANCES TAKE AN EFFECT ON 
COLOR CHANGE OF XENOPUS LARVAE 

E. Sato and M. Fujita 

Dept. of Biochem. Hamamatsu Univ. School 
of Med. Hamamatsu 431-31 


“We can see sometimes melanosome dispersed 


black Xenopus larvae among appearently pel- 
lucid ones at normal enviromental condition. 


The black tadopole may result from maldeve- 


lopment. Reasons of such malformation occ- 
ured is. still unknown. Some agents cause 
color change of Xenopus laevis and _ the 
tadpoles. In this case,effects of control- 
led substances,chlorpromazine and yohimbine 


on color change have been observed at ear- 


ly developmental stage. Melonosome disper- 
sion takes place in melanophores of tad- 
pole with these agents. Semiquantitative 
parameters of color change were gained 
with electron spin resonance measurement. 


CLONING OF AN EPIDERMIS-SPECIFIC CYNOPS 
cDNA FROM NEURULA LIBRARY. 
T.C.Takahashil,T, Takabatake*,K.Takeshimal, 
Radioisotope Research Center, 2Dept. of 
Biol.,Fac. of Sci., Nagoya Univ., Nagoya. 
Differential expression of the proteins 
in Cynops embryo occured both in time and 
in space (D.G.D., 33, 277-282, 1991). We 
cloned a cDNA coding one of them (an epi- 
dermis-specific protein designated spot 6) 
from a Cynops neurula (st.17) library. 
Cynops neurula cDNA library was con- 
structed using the plasmid vector contain- 
ing the promoter sequence for SP6 RNA poly- 
merase. After transcription and translation 
in vitro the final protein products were 
screened for the spot 6 by two-dimensional . 
gel electrophoresis. The total library (ca. 
600,000 clones) was digested by 11 re- 
striction enzymes selected not to destroy 
both the vector and the spot 6, then was 
treated by ATP-dependent DNase. The library 
size was decreased in the order of two by 
this step. The resultant sub-library (ca. 
5,000 clones) was divided into smaller 
pools and screening was repeated further. 
The peptide map analyses confirmed that 
the protein coded by the cloned gene was 
identical with the spot 6 synthesized in 
vivo. The size of the cDNA insert was Ca. 
1.6 kbp comparable to the apparent molecu- 
lar weight of the spot 6 (ca. 45 kd). 
Northern analyses showed that the cloned 
gene began to be transcribed at st.15 and 
was solely expressed in epidermis and not 
in neural plate excised from st.17 embryo. 


PURIFICATION AND THE CHARACTERIZATION OF 
MESODERMAL INDUCING FACTOR DERIVED FROM 
CRUSIAN CARP AIR BLADDER. 
K.YamazakizYamamoto , 3 1 NiSasakiee 
S.Yamamoto and M.Tsuji . Lab. of Biol., 
Seinan-Gakuin Univ., Fukuoka, “Radioisotope 
Center, Nagoya Univ., and Lab. of Chem., 
Dep. of Sciences, Nagoya Univ., Nagoya. 

The swim air bladder of crusian carp had 
been found to have an effective mesodermal 
inducing potent (Kawakami,I.;1976). This 
factor can induce the notochord and muscle 
differentiation by exerting on the 
presumptive ectoderm of Cynops pyrrhogaster 
embryo. We purified this factor as a mono 
band of 24 KD protein on SDS-PAGE. However, 
this 24KD protein did not show any subunit 
structure by applying a reduction 
chromatography. Therefore, the 24KD protein 
of air bladder factor was assumed to be 
different molecule from already identified 
mesodermal inducing factors (activin and 
TGFB). The mode of reacting competence of 
Cynops ectoderm responsive to the air 
bladder factor seemed different from that 
of Xenopus ectoderm to activin or TGFfB. The 
reactant competence of Cynops ectoderm to 
the air bladder factor was mainteined until 
early gastrula stage as same level as in 
the blastula stage. Although the reactant 
ability which differentiated into notochord 
and muscle cells became dissapeared 
steeply at middle gastrula stage, but the 
differentiating potency into mesothelim or 
mesenchymal cells was mainteined enough 
through middle gastrula stage. 
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EMBRYONIC INDUCTION BY ACTIVIN A ON THE 
XENOPUS ECTODERM OF DIFFERENT DEVELOPMENTAL 
STAGES AND REGIONS 


T.Ariizumi, T.Bessho and M.Asashima. Dept. 
of Biol., Yokohama City Univ., Yokohama 236 


We previously reported that activin A can 
induce almost all mesodermal tissues from 
ventral to dorsal-type in a dose-dependent 
manner on the Xenopus ectoderm. At present, 
we have two possibilities about the 
patterning of the mesoderm in the Xenopus 
embryo. (1)Activin A forms a gradient with 
the highest concentration at the dorsal-most 
region in the embryo. (2)there exists stage 
and/or regional dadifferences of 
responsiveness to activin A in the embryo. 
To confirm these possibilities, in this 
experiment, we examined the responsiveness 
of various stages of ectoderm (St.7-10) to 
various concentrations of activin A. We also 
divided St.8 ectoderm into future dorsal and 
ventral halves and compared their 
responsiveness to activin A. At the same 
concentration of activin A, the most dorsal 
mesoderm, notochord, tended to differentiate 
at high frequency from earlier stages of 
ectoderm. Further, dorsal half of St.8 
ectoderm tended to form notochord whereas 
ventral half form ventral mesoderm such as 
mesenchyme and coelomic epithelium. 
Therefore, we speculate that the patterning 
of the mesoderm may be established not only 
by the possibility (1), but also by the 
possibility (2). 


COMPARISON OF EDF ACTIVITIES AND MESODERM 
INDUCING ACTIVITIES OF ACTIVIN A, ACTIVIN 
AB AND ACTIVIN B. 

H.Uchiy “ N.Mori al, T.Ariizumil, 
-Yashiro H.Sugino and M.Asashima~. 
Dept. of Biol. Yokohama City Univ. 

2Prontier Res. Prog., Riken, Wako. 

An activin molecule is composed of two. 
inhibin g chain subunits, in which @, and 
By isofcrms are known. Activin A, AB and 
B are composed of BatBa, Baths and 
Bp+8g chains, respectively. These acti- 
vins were separately purified from porcine 
follicular fluid with distinct molecular 
weights in SDS-PAGE. We compared activi- 
ties of these activins in erythroid dif- 
ferentiation assay using F5-5 mouse ery- 
throleukemia cells (EDF assay) and meso- 
derm inducing assay using Xenopus animal 
cap explants. EDsg of EDF activities of 
activin A, AB and B was 2, 4.9 and 24.9 
ng/ml, respectively. Thus, EDF activity of 
activin B was markedly lower than other 
activins. Follistatin, a specific activin- 
binding protein, interfered with the 
erythroid differentiation induced by these 
activins. In contrast, all activins had 
almost equal mesoderm inducing activity in 
animal cap assay. Each activin gave very 
Similar dose-dependent changing pattern of 
induced mesodermal tissues along dorso- 
ventral axis. These results suggest that 
activin B has a special role in the early 
Xenopus development, and also that Xenopus 
animal cap cells and F5-5 cells may have 
distinct mechanism of receiving activins. 


EFFECTS OF FOLLISTATIN INTO THE BLASTOCOEL 
OF THE XENOPUS LAEVIS EMBRYO. 

M. Iwao, A. Fukui, H. Uchiyama and 

M. Asashima. Dept. of Biology. , Yokohama 
City Univ. , Yokohama 236 

Activin, a member of the TGF-B superfamily, 
has a potent of the mesodermal inducing 
activity on isolated early Xenopus animal 
caps. And activin is contained in un- 
fertilized eggs and blastulae of 
Xenopus laevis. This substance seems to be a 
natural mesoderm inducing factor in vivo. 
Follistatin, a specific activin binding 
protein, inhibits the mesoderm inducing 
activity by the piece culture method of 
Xenopus ectoderm.We injected 10ng 
follistatin into the blastocoel of Xenopus 
embryos at st.6 and 8. The injected embryos 
had ~Harge, head, » thin “body? and® thick 
notochord after 24hr of injection. After 
three days ,mesodermal tissues except 
notochord, ear vesicle,and intestine didn't 
differentiate well compared from the control 
embryo (10ng BSA injected). When we injected 
0.5ug HRP into the blastocoel of embryo, we 
could observe that it reached the inter- 
cellular space and cytoplasm of the 
embryos. In these results, it seems that the 
follistatin inhibited the cell differenti- 
ations and activin has important roles 
during the early amphibian development. 


PURIFICATION AND CHARACTERIZATION OF Xenopus 
FOLLISTATIN FROM XTC CELLS AND OVARJ[ES 

A. Fukui-, Nakamura“, K.. Sugino“, H. Uchiyama!, 
M. Asashima~ and H. Sugino Dept. of Biology, 
Yokohama City Univ., Yokohama 236, Frontier 
Res. Program, RIKEN, Saitama 351-01, Japan 


Activin(=EDF) has numerous functions including 
stimulation of FSH release in pituitary cells, 
induction of erythroid progenitor cells and 
induction of mesoderm tissues in Xenopus embryo. 
Recently, we have purified activin-binding protein 
from mammalian ovaries and proved it to be 
follistatin, which was originally obtained as an 
FSH-release inhibiting factor. Furthermore, the 
follistatin mRNA was detected in Xenopus eggs. In 
order to understand the molecular mechanism for 
Xenopus embryogenesis, we attempted to purify and 
characterize Xenopus follistatin from the culture 
medium of XTC cells and Xenopus ovaries. 

Three purification steps consisting of affinity 
chromatography, FPLC gel permeation and reverse 
phase HPLC gave a homogeneous follistatin 
preparation with molecular sizes of 32.5-38.5 kDa 
in non-reduced SDS-PAGE. The ability of each form 
of the proteins to specifically bind activin was 
determined by ligand blotting procedure using %I- 
activin. 

FSH release in cultured rat pituitary cells was 
suppressed dose dependently by the protein. Taken 
together with our previous finding that activin 
activity was detected in unfertilized eggs and 
blastulae of Xenopus laevis, these results suggest 
that follistatin/activin-binding protein exists In 
Xenopus eggs and plays a role in regulation for 
Xenopus mesoderm induction. 


1092 Developmental Biology 


EXPRESSION OF ALPHA-CARDIAC ACTIN AND N-CAM 
RNA IN XENOPUS ECTODERM INDUCED BY TWO 
MESODERM INDUCING FACTORS. 

K.Kinoshital and M.Asashima2. 

lpiological Lab., Nippon Medical School, 
Kawasaki 211 and 2Dept. of Biology, Yokohama 
City Univ., Yokohama 236. 


Mesoderm in Xenopus embryo is induced by 
signals from the vegetal hemisphere acting 
on animal hemisphere cells. Two classes of 
candidate signal molecules have been iden- 
tified; the fibroblast growth factor (FGF) 
and activin types. We compared the effects 
of bovine brain bFGF, human recombinant 
activin A and their mixture on animal cap 
explants. Measurement of the level of muscle 
and neural tissue differentiation was per- 
formed by RNAase protection assays with RNA 
probes for alpha-actin and N-CAM RNA. We 
found that activin A has a minimum active 
concentration of 1-5 ng/ml in inducing 
cardiac actin and N-CAM RNA expression. 
Both newly transcribed RNAs were found 
after 19 hours of incubation at 20°C. bFGF 
(1-50 ng/ml) was inactive in inducing 
both RNA transcriptions. In the mixture of 
the two factors, however, bFGF enhanced the 
level of both RNAs at a low concentration 
of activin A (1 ng/ml), and suppressed the 
cardiac actin RNA at a high concentration 
(10 ng/ml activin A). These results sugges- 
ted that quantitative differences of acti- 
vin and FGF induce different types of 
tissues and that body pattern is establi- 
shed by the interaction of two types of 
inducing signals. 


PROTEIN SYNTHESIS IN THE ACTIVIN-INDUCED 
BLASTULA ECTODERM OF XENOPUS LAEVIS. 

T. Kinoshita. “DOL Minto, Wee, Cie Seilos 
Hiroshima Univ., Hiroshima. 


Ectodermal pieces were isolated from 
Xenopus laevis embryos at late blastula 
stage and cultured in Barth’s saline 
containing various concentration of 
activin A. Proteins newly SRS NES Wace in 
explants were labeled with [°°S]- 
methionine and analyzed by 2-dimensional 
gel electrophoresis. Rapid increase in 
protein synthesis were induced by 
supplement of activin to culture mediun. 
Several changes in protein synthesis were 
detected within one hour after treatment 
of activin. Blastula ectoderm treated 
with activin showed quite similar pattern 
of protein synthesis to those of ventral 
marginal zone and dorsal lip of early 
gastrula. Qualitative difference in 
protein synthesis was not observed among 
concentration from 2 to 200ng/ml of 
activin. Expression of marker proteins of 
muscle and nerve were examined using 
anti-myosin and anti-Ll antibody, 
respectively. In western blotting 
analysis, Ll antigen appeared 
preferentially at low concentration of 


activin (10ng/ml), which was contrast to 
production of myosin at higher 
concentration (200ng/ml). These result 


suggest a possibility that inductive 
interactions triggered by activin A occur 
in dose-dependent manner. 


INVOLVEMENT OF CONNECTIVE TISSUE IN ADULT 
EPITHELIAL DEVELOPMENT OF THE SMALL INTES- 
TINE DURING ANURAN METAMORPHOSIS IN VITRO. 
A.Ishizuya-Oka and A.Shimozawa. Dept. 
of Anat.,Dokkyo Univ.Sch. of Med.,Tochigi. 

We examined the role of the connective 
tissue in metamorphic changes of the 
intestinal epithelium in Xenopus tadpoles, 
using the organ culture technique. First, 
tissue fragments isolated from various 
parts of stage 57 intestines were culti- 
vated for 5days. Larval cell death of 
the epithelium was observed in all frag- 
ments, whereas adult epithelial develop- 
ment occurred only in fragments containing 
a fold, typhlosole, where most of the 
larval connective tissue was localized. 
Next, the epithelium was recombined with 
the homologous or heterologous connective 
tissue and muscle. The adult epithelium 
developed only in recombinants containing 
the connective tissue of the typhlosole. 
There was no regional difference in the 
developmental potency of the epithelium 
itself. In all explants where the adult 
epithelium developed, fibroblasts posses- 
sing well-developed rough endoplasmic 
reticulum increased in density just 
beneath epithelial cells and often made 
contacts with them. The present results 
strongly suggest that these fibroblasts 
that originate from the typhlosole play 
an important role in adult epithelial 
development of the anuran small intestine, 
via cell-to-cell contacts or some factor 
(s) synthesized by them. 


FERTILIZATION PROCESS OF THE BENTHIC 
ARROW WORM SPADELLA CEPHALOPTERA 
(CHAETOGNATHA). 

T. Goto. Dept. Biol., Fac. Educ., Mie University, 
Mi 

Chaetognatha, commonly called arrow worm, is 
hermaphroditic. After mating, the fertilization oc- 
curs internally. Earlier researchers have described 
that the arrow worms have a unique fertilization 
pattern; a sperm does not enter to an egg directly, 
but enters to an accessary fertilization cell (AFC) 
first and then the AFC containing a sperm pene- 
trates to an egg. In the present study I have exam- 
ined whether or not the AFC is present and when 
the fertilization occurs. The species used here is 
Spadella cephaloptera, a benthic arrow worm, 
collected in the Mediterranean Sea. In an intact 
preparation, small a circular structure was detected 
on the seminal pouch. The circular structure was 
located on each egg and seems to be a presumed 
AFC. When the reproductive organs were stained 
with Hoechst dye, young oocytes showed neither 
sperm nuclei nor male pronuclei. The egg in the 
oviduct was at the first meiotic metaphase and 
contained a male pronucleus. In rare cases, a single 
sperm was found in the egg of the first metaphase 
and the AFC has not been detected in the eggs. The 
presumed AFC found on the seminal pouch may be 
a gate through which sperm go towards the egg. 
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THE ELEVATION OF THE VITELLINE COAT IN THE 
BIVALVE, LATERNULA LIMINICOLA EGGS. 
K.Hosokawa’ and Y.D.Noda? ‘Biol. Lab., 
Tokyo Dent. Coll.,Chiba and “Biol. Inst., 
Fac. Sci., Ehime Univ., Matsuyama. 

The shells of the bivalve, Laternula 
limicola were removed and placed in 0.1 M 
acetylcholine solution in Ca free sea water, 
after a few minutes, oocytes were spawened 
from the oviduct. Egg investment was made 
up of three layers, jelly layer(JL), 
granular zone(GZ), and vitelline coat(VC). 
There were no cortical granules in the egg 
cortex. When the oocytes were placed in 
NSW or CaFSW, JC and GZ were swelled, and 
space between GZ and VC were become wide, 
subsequently, VC were elevated from the egg 
surface, and perivitelline space were 
formed, and soon,its space were become 
marrower. Ultrastructurally, we suggeste 
the pits are taken place arround the margin 
of the posterior part of the microvillus of 
the egg surface, and the pits are become 
larger, subsequently, the vitelline coat 
are separated from the egg surface. But, 
the vitelline coat is connected with few 
protoplasmic protorution projecting through 
from the egg surface. Sperm enter into the 
space between GZ and VC throughthe micro- 
pile of the egg and acrosome reaction 
occurs in this space. 


FINE STRUCTURE OF THE CHORION AND ITS 
ALTERATION UPON FERTILIZATION IN THE EGGS 
OF THE HERRING, CLUPEA PALLASI. 
N. Usuil and R. Yanagimachi2. Ipept. of 
Anat., Teikyo Univ. Sch. of Med., Tokyo and 
2Dept. of Anat. & Reprod. Biol., Univ. of 
Hawaii, Med. Sch., Honolulu, U. S. A. 
Chorions of herring eggs were examined 
before and after fertilization by scanning 
and transmission electron microscopy. On 
the chorion surface, three distinct regions 
were noted: the micropyle consisting of a 
canal and vestibule (MP, 70-80 pm in dia- 
meter), perimicropylar region around the MP 
(PMP, 90-100 pm wide) and the remaining 
region (non-MP). The MP surface was cover- 
ed by a thin layer of amorphous material. 
The chorion in non-MP, about 40 pm in thick- 
ness, was composed of two layers; outer 
spongy (adhesive) and inner multi-lamellar 
layers, having approximately equal thick- 
ness. Thin sectioning revealed two thin 
layers (1) between the outer and inner lay- 
ers and (2) in the middle of the inner lay- 
er. The MP chorion lacked the outermost 
spongy layer and the layer in PMP somewhat 
differed from that in non-MP. A thin 
electron-dense coating restricted to the 
non-MP chorion seemed to be responsible for 
the adhesiveness of the region. 
Morphological alteration of the chorion 
in the eggs 3 min post-insemination was 
detected only in the spongy layer, that is, 
numerous spherical spaces in the layer had 
Swollen extremely, perhaps as a result of 
exocytosis of the egg cortical alveoli. 


ULTRASTRUCTURAL CHANGES OF THE EGG DURING 
FERTILIZATION IN ELKHORN SCULPIN (Alcichthys alcicornis) 
SHOWING INTERNAL GAMETE ASSOCIATION. 

K. Koya! H. Takahashi! and K. Takano2. 

\Dept. of Biol., Fac. of Fish., Hokkaido Uniy., Hakodate, 2Sesoko Marine 
Sci. Center, Univ. of Ryukyus, Motobu, Okinawa. 


It is known that elkhorn sculpin shows a unique reproductive mode which 
is called “internal gamete association”. In this mode, spemm is introduced 
into Ovarian Cavity by copulation and enters the micropylar canal of ovulated 
eggs, but fertilization does not occur within the ovary. The eggs which have 
completed gamete association begin fertilization reaction after being released 
into sea water. Therefore, the eggs of elkhorn sculpin seem to fit for 
observation on early events of fertilizaion. In this study, we observed the 
early process of fertilization reaction of elkhom sculpin eggs by transmission 
electron microscope. 

In eggs before immersion in sea water, sperm was seen to be attached to 
the egg plasma membrane at the site of an inner opening of the micropyle. 
Fusion of plasma membranes between sperm and egg occurred by 10 sec. 
after immersion in sea water. Fertilizing sperm penetrated the ooplasm, and 
vesiculation occurred on the fused plasma membrane at the apical region of 
the sperm head. By 30 sec. after immersion in sea water, sperm was found 
to penetrate the ooplasm for about half of its head length, and was 
completely devoid of plasma membrane around the penetrated head. By 1-2 
min. after immersion in sea water, sperm penetrated the ooplasm further up 
to its midpiece. Several vesicles were seen to be arranged in a row near the 
sperm head in ooplasm. It seems worthy to note that a portion of ooplasm 
containing no cytoplasmic organelles other than ribosomes appeared around 
the penetrating sperm head, and that this region expanded during sperm 
penetration. This ooplasmic region may have a role in the engulfment of 
sperm into the ooplasm. 

By 3 min. after immersion in sea water, nuclear membrane of fertilizing 
sperm was separated from chromatin and became vesiculated starting from the 
anterior region of sperm head caudalwards. Furthermore, the sperm nuclear 
membrane became disappeared completely. As vesicular membrane 
remained near the centriole of sperm in ooplasm, it seemed that the 
vesiculation of sperm nuclear membrane started at the apical region of sperm 
head and ended at the centriolar region. 


SPERM ATTRACTING ACTIVITY FROM EGG DE- 
CREASES AFTER FERTILIZATION IN THE ASCIDIAN, 
CIONA SAVIGNY'I. 

M.Yoshida, K.Inaba, and M.Morisawa, Misaki Marine 
Biological Station, Fac. of Sci., Univ. of Tokyo, Kanagawa. 


We have previously reported the sperm chemotaxis to 
unfertilized egg in ascidian, Ciona savignyi. In the present 
study, we investigated the changes of sperm attracting ac- 
tivity of Ciona egg during early development. Sperm 
trajectories were recorded in video tape recorder through 
the phase contrast microscope and analyzed with the 
automated semen analyzer CellSoft™ (CRYO Resources, 
Ltd.). Sperm attracting activities were measured quantita- 
tively as follow: Sperm trajectories were traced on polar 
coordinates, then we measured the difference of radii 
between the start and the end point of sperm trajectories 
during 10 sec recording. When we examined these differ- 
ences in fertilized egg, it was 14+2.1 m/sec (n=50), 
suggesting that the egg has sperm attracting activity. 
However, the value decreased when deformation of egg 
occurred after fertilization. Sperm did not show the attracting 
activity (—1+1.3 ym/sec; n=56) at 3 min after fertilization. 
These suggest that the secretion of chemoattractant from 
the egg decreases significantly at fertilization. Further studies 
show no significant differences of the sperm attracting activity 
between the ethanol extract of the unfertilized and the 
fertilized eggs. Thus, the decrease in sperm attracting activity 
at fertilization may be not due to the waste of chemoattractant 
in the egg but due to the decrease in the permeability of 
egg plasma membrane to the chemoattractant 
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PRIMARY STRUCTURE OF MYTILUS ACROSOMAL 
LECTIN. 

T. Takagi!, A. Nakamura? and K. Kyozuka3. ‘Biol. 
Inst., Fac. of Sci., Tohoku Univ., Sendai, 2Dept. of 
Biol., Fac. of Sci., Kochi Univ., Kochi, 3Marine Biol. 
Station, Tohoku Univ., Asamushi. 

We have purified one of the major protein 
from Mytilus edulis acrosomal reaction proteins. 
It was very basic protein and the molecular 
weight was estimated to be 22 kDa by SDS-PAGE 
and was separated into two peaks by a reverse 
phase HPLC. We named M22a and M22b, for 
major and minor ones, respectively. Partial 
amino acid sequence was determined from the 
N-terminus and by using lysyl endopeptidase 
peptides. Comparing the N-terminal sequences 
of M22a and M22b, 21 residues out of 33 
residues were identical, thus these two were 
supposed to be iso-protein. Complete amino acid 
sequence was deduced from sequencing of cDNA 
obtained from mRNA of Mytilus sperm. The 
amino acid sequence obtained from cDNA was 
identical with that of M22a so far determined by 
peptide sequencing except His at 22nd residue 
was replaced to Gin. It has 38 residues signal 
sequence and mature protein is composed of 180 
amino acid residues. By sequence homology 
search, the M22a was found to have a C-type 
lectin structure. 


SIMULATION AND ANALYSIS OF THE ELONGATION 
OF THE COILED FILAMENTOUS STRUCTURE, TRUN- 
CATED CONE, DURING THE ACROSOME REACTION 
OF ABALONE SPERM 

Y.T.Sakail, Y.Shinagawa2, Y.Shiroyal and 
T.L.Kunii+, 1Biol.Lab.,Wayo Women's Univ., 
Chiba, 2Dept. of Information Sci.,Faculty 
OE TSer,,, Unive, Of Hokyo, (lokyo 


The acrosome of abalone sperm has a 
structure named the truncated cone which 
consists of about 12 helically coiled 
filaments 3.5~3.6um long forming a tight- 
ly compressed helicoid. The proximal end 
of the filaments which are arranged at 
regular intervals is associated with the 
Outer acrosomal membrane at the circular 
base of the truncated cone. During the 
acrosome reaction, the truncated cone elon- 
gates more than three times the original 
height and transforms intoathin cylinder 
by further coiling upof the helical fila- 
ments from 2.5 to 5 turns. The diameter 
and length of the filaments do not change 
during the transformation. 

Calculation from the equation of spiral 
movement applying initial actual values of 
the truncated cone gives the final values 
in the cylinder consistent with actual 
measurements. Construction into three di- 
mensional images in the computer simulation 
further confirms that the elongation of the 
truncated cone is elucidated as a spiral 
movement of the filaments keeping their 
length constant. 


SYNTHESIS OF FUCOSE SULFATE GLYCOCONJUGATE, 
WHICH INDUCES THE ACROSOME REACTION, DURING 
OOGENESIS. 

H.Abe*, H.Kinoh”, T.Oikawa* and N.Suzuki2. 
*Res. Inst. Functional Peptides & Develop. 
Reprod. Biol. Center, Yamagata, 7Noto 
Marine Lab. Kanazawa Univ., Uchiura. 

The immunocytochemical localization of 
the egg jelly macromolecule, a fucose 
sulfate glycoconjugate (FSG), was 
investigated in ovaries of the sea urchin 
Hemicentrotus pulcherrimus by use of a 
polyclonal antibody. The polyclonal 
antibody reacted with the accessory cells 
and oocytes in the ovarian lumen. At 
ultrastructural level, the polyclonal 
antibody was found to react with the 
INaterial present in the vacuole-like 
structures of the globules in the accessory 
cells. Many gold particles demonstrating 
specific labeling were associated with 
well-developed microvilli on the 
vitelogenic oocytes. Quantitative data 
indicated that the extent of 
immunolabelings in the surface region of 
oocytes was very high in the vitellogenic 
and mature oocytes. In the mature oocytes, 
intense labeling was observed in the jelly 
coat but not in the vitelline coat. By 
contrast, oogonia and early oocytes were 
barely labeled. In all cases, neither the 
oocyte cytoplasm nor the subcellular 
organelles were labeled. These results 
suggest that FSG is produced by the 
accessory cells and is deposited initially 
on the surface of vitellogenic oocytes for 
the formation of jelly. 


IDENTIFICATION AND CHARACTERIZATION OF 
SPECIFIC RECEPTORS FOR SPERM-ACTIVATING 
JPAMeMIODS, ICIIC ((SyeVeSiiCIb)) 


K. Yoshinot, N. Suzuki*, T. Takao, and Y. 
Shimonishi?. 1: Noto Marine Lab., Kanazawa 
Univ., Uchiura; 2: Inst. for Protein Res., 
Osaka Univ., Suita. 


We characterized sperm-activating pep- 
tide III (SAP-III) receptors on Clypeaster 
japonicus spermatozoa using both binding 
and cross-linking techniques. Analyses of 
the data obtained from the equilibrium 
binding experiments by Klotz, Scatchard, 
and Hill plots showed the presence of two 
classes of receptors specific for SAP-III 
on the sperm plasma membrane. One of the 
receptors (high affinity receptor) had an 
apparent dissociation constant of 3.4 nM 
and presented at a density of 34,000 sites 
per cell. The other (low affinity 
receptor) has an apparent dissociation 
constant of 48 nM, with 61,000 sites per 
cell. In addition, the data suggested the 
existence of positive cooperativity among 
the high affinity receptors. The incuba- 
tion of intact spermatozoa or the sperm 
membranes with a radioiodinated SAP-III 
analogue and the chemical cross-linking 
reagent, disuccinimidyl suberate, resulted 
in the appearance of three radiolabeled 
bands with apparent molecular weights of 
126 kDa, 87 kDa and 64 kDa estimated by 
SDS-PAGE under the reducing conditions. 
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FSG AND, SAP CAUSE THE ENHANCEMENTS OF PH; 
AND [Ca“’]; BY BINDING THE DIFFERENT 
BINDING SITES ON A SEA URCHIN SPERMATOZOON 
K. Hoshino, T. Harumi, T. Shimizu, 

Y. Sendai and N. Suzuki. Noto Marine Lab., 
Kanazawa Univ., Uchiura. 

e jelly coat of the sea urchin egg 
composed of a fucose sulfate glycoconjugate 
(FSG), a sialoglycoprotein and sperm- 
activating peptides (SAPs). We have 
reported that FSG induces the acrosome 
reaction (AR) and SAP-I acts as a specific 
co-factor of FSG to induce the AR. In the 
present study, we examined effects of FSG 

and SAP-I oon the levels of intracellular 

({Ca "hk ), intracellular pH (pH; ) and 
byEtic Witleotides (cAMP and cGMP) in 
Hemicentrotus pulcherrimus oie ig 
FSG and SAP-I increased [Ca and 
cAMP levels of spermatozoa. a ‘y also 
elevated sperm cGMP levels. The “Teen 1, 
addition of FSG did not increase [Ca 
and pH os spermatozoa which were oak, 
treate wifh FSG. SAP-I, however, could 
induce [Ca“’],; and pH; increases in these 
spermatozoa. Similar results were also 
produced by the experiments with SAP-I- 
treated spermatozoa. Tetraethylammonium, a 
blocker for voltage-dependent K* channel, 
known 5° inhibit the AR depressed increases 
of [Ca**];, and pH; induced by FSG, whereas 
it did not affect those by SAP-I. These 
results suggest that FSG and SAP-I bind the 
different receptors on a gpermatozoon and 
activate the different Ca and H 
transport systems. 


POSSIBLE PARTICIPATION OF PHOSPHOLIPASE A2 
IN THE ACROSOME REACTION OF SEA URCHIN 
SPERM. 

K.Matsumura and K.Aketa. Akkeshi Mar. Biol. 
Stn., Hokkaido Univ., Akkeshi Hokkaido. 


We have previously shown that the 
chymotrypsin-like activity of proteasome in 
sea urchin sperm is likely involved in the 
acrosome reaction (AR) and is specifically 
activated by lysophosphatidylinositol (LPI) 
and by eag jelly-treated sperm lipids. 

LPI is a product of phospholipase A, 
(PLA,) and may be produced at AR. We 
examined whether PLA, is involved in the 
initiation of AR at sperm of the sea 
urchin, Strongylocentrotus intermedius, 
using inhibitors and an activator of this 
enzyme. Quinacrine, p-bromophenacyl bromide 
(PBPB) and manoalide, which are known to be 
inhibitors of PLA inhibited the egg 
jelly-induced AR at 100 pM, but not the 
ionomycin-induced AR. Depression of egg 
jelly-induced increase of irae tai 
free Ca concentration ([Ca by these 
reagents was shown with fura a ee ae the 
and manoalide interfered with the 
fluorescence of fura 2-loaded sperm, but 
PBPB was found to depress at concentrations 
which a ain inhibit AR. Furthermore, 
melittin, ca27}, is known to activate PLA 
caused a [Ca increase and the formation 
of acrosomal process- like structure on 
sperm head. These results suggest that PLA 
Participates in the early step(s) of AR o 
sea urchin sperm. 
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SPECIFIC BINDING OF ACROSOME REACTION 
INDUCING SUBSTANCE (ARIS) TO SPERMATOZOA 
IN STARFIS 


A.Ushiyama~, : rakil, 
Ahibal aubbenis 2 
Dept. of Life Sci., and 2Gene Research 


Center, Tokyo Institute of Technology, 
Yokohama. 


K.Kontani?, 


Starfish egg jelly contains a highly 
sulphated, fucose-rich glycoprotein, ARIS, 
that is essential for inducing the acro- 
some reaction. 

ARTS of Asterias amurensis was labeled 
with I or FITC to analyse it's binding 
to sperm. ARIS bound rapidly to sperm and 
reached equilibrium within 5min. Scatchard 
plot analysis of the equilibrium binding 
indicates the existence of a single class 
of binding site on the sperm. The binding 
was species specific ; ARIS of Asterina 
pectinifera did not bind specifically to 
Asterias sperm. 

These results suggest that there is one 
kind of specific ARIS-receptor on the 
surface of homologous’ sperm. Species 
specificity of ARIS action is, at least 
partly, explained by species’ specific 
binding of ARIS to it's receptor. 


ROLE OF SPERM ALPHA-L-FUCOSIDASE IN THE 
ASCIDIAN, H.RORETZI 

N.Hirohashil, M.Hoshil»2 

lpept. of Life SCiis 2Gene Res. 
Cent.,Tokyo Inst. of Tech., Yokohama 


Sperm binding to the vitelline 
coat(VC) is an essential step for fertili- 
zation in many animals including 
H.roretzi. We have proposed from several 
lines of evidence that sperm alpha-L- 
fucosidase is a VC-binding protein recog- 
nizing the terminal sugar of sperm recep- 
tor glycoprotein on VC in Ciona. This 
mechanism seemed applicable also to 
H.roretzi, mainly because sperm binding is 
inhibited by pNP-alpha-L-fucoside. Since 
sperm motility affects their binding 
efficiency significantly, effects of pNP- 
glycoside on sperm motility were tested. 
Sperm motility was suppressed by 
PNP-alpha-L-fucoside, but it was enhanced 
by pNP-beta-D-hexosaminide during the 
first 5 minutes after insemination. There- 
fore, we established a system to assay 
sperm binding with elimination of effects 
of sperm motility. Using this system are 
found that both pNP-alpha-L-fucoside and 
pNP-beta-D-hexosaminide really inhibit 
sperm binding to vitelline coat. These 
results strongly support the hypothesis 
that both enzymes have functional role as 
binding receptor. 
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THE DISTRIBUTION OF GANGLIOSIDE M5 IN SEA 
URCHIN EGGS 


H. SHOGOMORI!, mM. .AoYAMA!, H. KUBOS, K. 
HIBAL, M. HOSHI1!»2 

Dept. of Life Seles 2Gene Res. 
ent.,Tokyo Inst. of Tech., Yokohama and 
Tokyo Metropolitan Inst. of Clinical 


Sci., Tokyo. 


Ganglioside M5 is the major one in 
the eggs of the sea urchin, Hemicentrotus 


pulcherrimus. It locates in the subcorti- 
eal region of unfertilized eggs, but 
within lmin after fertilization, its 


distribution is not any more restricted in 
the region. To specify its distribution in 
detail, isolated cortices of unfertilized 
eggs were examined with indirect immuno- 
fluorescence microscopy using an anti-M5 
antibody. The antibody revealed the 
presence of a submembranous polygonal, 
tubular network in the cortices of unfer- 
tilized eggs, but not in the fertilized 
eggs. The pattern was quite similar to the 
endoplasmic reticulum network revealed by 
the membrane staining dye Di0OC6(3) report- 


ed by Terasaki et al.By double staining 
with the antibody and DiOC6(3), it was 
verified that two networks were actually 
the same structure. These observations 


suggest that M5 locates in the membrane of 
endoplasmic reticulum. 


PARTIAL PURIFICTION AND CHARACTERIZATION 
OF ACROSOME INDUCING FACTORS FROM NWET 
EGG JELLY. 


H. Takai, H. Maruyama and K. Onitake. 


Dept. of Biol., Fac. of Sci., Yamagata 
Univ. Yamagata 990. 


The components of jelly layers could 
induce the acrosome reaction and the 
factor responsible to could be extracted 
as water-soluble extracts(jelly extracts) 
from oviducal egg jelly layers in the 
urodele, Cynops pyrrhogaster. We have 
reported a part of characterization of 
jelly exracts(Takai and Oniake, 1990). 
In the present study, we pursued further 
characterizations and partial purifica- 
tions of acrosome reaction(AR) inducing 
factors. When pH of jelly extracts 
changed, AR inducing activitiesy were 
most effective at pH 7.8, while they 
were inhibited to control level at pH 
7.0. As jelly extracts were treated with 
NaOH and NaBH ( -elimination), AR induc- 
ing activity was reduced completely. By 
the subjection of Bio-gel A-15m column 
chromatography, two peaks of AR inducing 
activity were detected with in vitro AR 
tests. The first peak was eluted near in 
void volume of colum,and the second peak 
was eluted at about two third of elution 
profile. When the first peak was sub- 
jected to SDS-PAGE, no bands were de- 
tected by silver staining. Our previous 
and present results may suggest that AR 
in ducing factors are glycoproteins and 
have quite large molecular sizes. 


THE ROLE OF JELLY LAYERS IN SUCCESSFUL 
FERTILIZATION IN BUFO JAPONICUS. 
S. Omata, Zoological Institute, Faculty 
of Science, Hokkaido University, Sapporo 
Uterine eggs (UE) of the toad, Bufo 
japonicus, are invested with 4 jelly 
layers, Jj, J9, J3, & Jg, from inner to 
outer ones. Insemination with various 
concentrations of sperm suspension 
indicated that for successful 
fertilization normally jelly-enveloped UE 
requires a 1/100 times lower number of 
sperm than dejellied UE in a reconstituted 
salt solution. When eggs taken from 
different levels of oviduct were 
inseminated, the eggs with J; and a thin 
Jz were not fertilizable, possessing an 
extremely few sperm which arrived at the 
vitelline coat(VC) with a low rate of 
acrosome reaction. Fertilizability, the 
number of sperm, and the rate of acrosome 
reaction increased as the thickness of J2 
increased, and Jz and Jqg were added. 
Artificial investment with only J3 and J4 
induced many sperm arriving at the VC, but 
not a high frequency of acrosome 
reaction. It seems that the role of jelly 
layers is two folds: increasing (a) the 
number of sperm around VC by J3 and J4 and 
(b) the rate of acrosome reacted sperm by 
Jy and J2- 


PURIFICATION AND PHYSICOCHEMICAL ANALYSIS 
OF A MAJOR GLYCOPROTEIN OF BUFO JAPONICUS 
EGG JELLY 

Y.Shimoda!, K.Kitajima!, Y.Inoue! and S.Inoue?. 
Dept. of Biophys. and Biochem., University of Tokyo, Tokyo; 
School of Pharmaceut. Sci., Showa University, Tokyo 


Toad Egg Jelly plays some roles, such as protecting of 
embryos from physical shock, facilitation of fertilization by 
retaining of divalent cations, and a partial protection from poly— 
spermy. A major glycoprotein from Bufo japonicus egg jelly 
purified in the presence of 10 mM 2-mercaptoethanol consti-— 
tutes 46% of total jelly materials in dry weight, suggesting that 
it may possibly be responsible for the physicochemical proper— 
ties of jelly to function. We have studied binding of Ca’* to 
jelly glycoprotein (JGP) by equilibrium dialysis. The number of 
Ca** bound per mg of JGP decreases with increasing JGP 
concentration, and become constant at [JGP] > 10 mg/ml. (GP 
concentration in unfertilized egg jelly is approx. 28 mg/ml.) At 
[JGP] = 20 mg/ml, 0.17 pmol Ca”* bind to JGP per mg, and 
association constant is 0.64 x 10° (M2). We have also mea— 
sured viscosity of JGP by using an Ostwald viscometer at 
various JGP concentration. At [JGP] > 10 mg/ml, the rate of 
increase in viscosity is much higher than at [JGP] < 10 mg/ml. 


Developmental Biology 1097 


FERTILIZATION POTENTIAL IN THE LAMPREY, 
LAMPETRA JAPONICA EGGS 


W. Kobayashi’, Y. Baba, and T. Shimozawa® 


'Zoological Institute, Faculty of Science, Hokkaido 
University, Sapporo. 

2Sect. of Sensory Information Processing, Res. Inst. of 
Applied Electricity, Hokkaido University, Sapporo. 


Fertilization potential was studied to examine whether 
eggs of lamprey have an electrical block against poly— 
spermy. At fertilization, the membrane potential rapidly 
sifted from a resting value of -12 mV to +36 mV. The 
potential remained positive for 2-3 minutes. The ampli- 
tude of this depolarization was influenced by the external 
Cl concentration. When the eqgs were pricked at 
animal pole (predetermined sperm entry site), they 
exhibited an immediate activation potential (AP) anda 
wave of cortical granule breakdown (CGBD) from animal 
pole to vegetal one. Although pricking elsewhere on the 
egg surface induced the wave of CGBD from prick site to 
antipode of the egg, the AP occurred only immediately 
before the wave of CGBD reached the animal pole. 
These data suggest that the AP is due to the opening of 
Cl channels that are localized in the animal pole region. 

Sperm-—egg fusion was blocked after insemination 
of eggs voltage clamped at +30 and +40 mV, whereas 
eggs clamped at -10 and -20 mV were able to fuse with 
many spermatozoa. These results indicate that the ferti- 
lization potential plays a role of a fast polyspermy block 
in this species. 


TWO KINDS OF VOLTAGE-DEPENDENT ION 
CHANNELS CAUSE THE INITIAL PHASE OF 
FERTILIZATION POTENTIAL OF SEA URCHIN 
EGGS. 

M.Hasel and H.Kuroda’. *Sugashjma MBL, 
Sch. of Sci., Nagoya Univ.,Toba, “Dept. of 
Biol., Fac. of Sci., Toyama Univ., Toyama. 


Fertilization potentials of 
Pseudocentrotus depressus and 
Hemicentrotus pulcherrimus eggs were 
measured with a conventional 
microelectrode. Currents’ were injected 
through the same electrode. And, the 
action potential in unfertilized eggs 
resembled closely the first phase of 
fertilization potential in their time 
course and peak value. In the rising 
phases of both potential changes, two 
notchs were observed around -50 mV and -10 
mV. Comparison of I-V curves holding -70 
mV and -40 mV suggested the existing of 
two voltage-dependent channels: (1) the 
channel having threshold around -50 mV and 
fast activation- and inactivation- 
processes (LHC) and (2) the channel having 
threshold around -10 mV and relatively 
slow activation-process and very slow 
inactivation process (HSC). We examined 
the effects of 10 kinds of organic and 
imorganic Ca channel blockers, but only 
two of them, GdCl, and CdCly, blocked 
the HTC. They also diminished the peak 
value and width of the initial phase. 
These results show two kinds of voltage- 
dependent Ca channels cause the initial 
phase of the fertilization potentials. 


SPERM CONTAIN FACTOR(S) WHICH CAUSES A 
TRANSIENT INCREASE IN INTRACELLULAR 
CALCIUM CONCENTRATION OF FERTILIZED SEA 
URCHIN EGGS. 1 > 


M.Osawa’, K.Takemoto~, H.Kuroda”, 
M.Kikuyama~ and Y.Hiramoto?., J Sugashima 
Shwe s Cl. Oteocin >» Natova. UN) Veu.wLobaen 
Dept. Ot, podol.. PEC. OL, pel...) Toyama 
Umivies  LOyane ~a hOw.cunbDa, che, Unive » On 


The Air, Chiba. 


During fertilization, sperm cause a 
transient increase in cytoplasmic free 
calcium and a membrane depolarization in 
sea urchin eggs. Using P. depressus gam- 
etes, we found that application of a dense 
sperm suspension to fertilized eggs in- 
duced similar Ca- and voltage-transients, 
provided that the fertilization membrane 
was previously removed. Furthermore, ex- 
ternal application of sperm extract caused 
Similar trasnsiens in fertilized eggs. 

The activity survived heating at 100°C 
for 7 min, incubation with pronase and 
passage through molecular filters with a 
cutoff at Mr=5,000. 

We have recently found that sperm and 
sperm extracts of C. japonicus cause Ca- 
transient in the oocytes with germinal 
vesicles. 

These results show that sperm contain 
a factor(s) causing a transient increase 
in cytoplasmic free calcium in fertilized 
eggs and immature oocytes. The reason why 
the factor are ineffective in mature and 
unfertilized eggs is the problem to be 
solved. 


CAFFEINE -INDUCED CALCIUM RELEASE FROM 
MICROSOMES OF SEA URCHIN EGGS. 
T.Murai and H.Kuroda. Dept. of Biol., Sch. 
of Sci., Toyama Univ., Toyama. 


DRS Ls generally accepted that IP3- 
induced Ca release from intracellular 
store is responsible for the Caro= 
transient during fertilization. Besidgs, 
the contribution of IP,-insensitive Ca’ - 
release frgm separate intracellular’ store 
to the Ca transient has been proposed 
(Rakow and Shen, 1990). 

We have recently found that gatfeine 
causes a transient release of Ca from 


the microsome of A. crassispipa eggs. IPs 


caused a quick release of Ca from the 
mi¢grosome. The microsome resequestered 
Ca but was desensitized to subsequent 


IPqg addition. Caffeine induced a transient 
release of Ca“* in a dose-dependent 
manner. The caffeine-induced Ca release 
was occured even in the refractory period 
to, IP3- Heparin inhibited the IP,-induced 
Ca release but had little effect on the 
caffeine-induced Ca release. These 
results showsd that caffeine activated a 
different Ca *-releasjng mechanism from 


the IP,- induced Ca release. bt skids 
accepte hat caffeine activates Ca“* 
induced Ca“* release in mugcle cells. Algo 
in sea urchin eggs, Ca *_induced Ca“ 
release may be activated by caffeine and 
this releasing meghanism may be 


responsible for the Ca transient during 


fertilization. 
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CAFFEINE-INDUCED CALCIUM RELEASE INDUCED 

IN STARFISH EGGS. 

T. Mohri!, Y. Hamaguchi! and S. Nemoto?. 

VBiol. Lab., Fac.-of Sci., Tokyo Inst. of 
Technol., Ookayama, Meguro-ku, Tokyo, and 
2Tateyama Marine Lab., Ochanomizu Univ., 

Tateyama, Chiba-ken, Japan. 

Starfish oocytes are normally fertili- 
zable after germinal vesicle breakdown 
(GVBD). Caffeine can activate both matur- 
ing oocytes after GVBD and immature oocy- 
tes at the GV stage, and induce partheno- 
genetic development. For the activation, 
effective concentrations for immature oo- 
cytes (more than 40 mM) are, however, much 
higher than those for maturing oocytes ( 
more than 6 mM). We, using Fura-2, measur- 
ed Ca** levels upon caffeine treatments. 
Five mM caffeine induced no Ca?* release 
in both maturing and immature oocytes, but 
at 10 mM or higher concentrations both oo- 
cytes showed a transient increase in Ca?*, 
which was comparable to that in fertiliza- 
tion. There was no difference in the dose 
dependency between both oocytes. These 
results indicate that caffeine-induced Ca?* 
release machinery has already developed 
before the reinitiation of maturation, 
suggesting that caffeine-sensitive calcium 
store is different from IP3-sensitive Ca 
store. These also suggest that caffeine- 
induced Ca?* release, such as Ca®*-induced 
Ca** release, may play an important role 
in fertilization of starfish eggs. 


INTRACELLULAR FREE CALCIUM ION INCREASE 
WITH OR WITHOUT EGG ACTIVATION DURING CROSS 
FERTILIZATION BETWEEN SEA URCHIN EGGS AND 
OYSTER SPERMATOZOA. 

K. Kyozuka, R. Deguchi and K. OsSanai. Mar. 
Blouse Sie, 5 Wolves Winaty76 pp Momento 

Cross fertilization is one of the useful 
methods for the analysis of sperm-egg 
interaction. In the crossing between sperm 
of Crassostrea gigas and eggs of Temnopleu- 
rus hardwicki, multiple sperm can enter an 
egg with or without the induction of ferti- 
lization membrane elevation and following 
nuclear divisions. We examined the change 
of intracellular free Ca“* ion concentra- 
tion during the cross fertilization between 
sea urchin eggs and oyster sperm using the 
fluorescent indicator fura-2. 

When oyster sperm were added to poe 
urchin eggs, small and temporary Cac? 
increase ocgurred repeatedly. The frequency 
of this Ca“* increase corresponded to the 
sperm concentration. In some heterologous 
combinations there was a Ca‘** increase 
equal to homologous oyster combinations, in 
which eggs were not activated. In ore G 
heterologous combinations, there was a Ca m 
increase almost equal to the increase 
observed in homologous sea urchin combina- 
tions. However, egg activation ditg not take 
place unless the high level of Ca**t concen- 
tration continued more than 70 seconds. 

These results indicate Enay not only the 
increase of intracellular Ca‘** level but 
also the duration of its level is necessary 
for the induction of egg activation. 


CHANGES IN THE RATE OF OXYGEN CONSUMPTION 
AND THE CONTENT OF ARGININE PHOSPHATE 
FOLLOWING ACTIVATION IN SEA URCHIN EGGS 
M.K.Kojima, Y.Saito, K.Hayakawa and S. 
Nakamura. Dept. of Biol., Fac. of Sci., 


Toyama Unaty =, Toyama 


We reported that various kinds of activat- 
ing reagents, such as A23187, procaine, 
ammonia and TPA, can induce both an en- 
hancement of oxygen consumption and an 
increase of the content of arginine phos- 
phate in unfertilized sea urchin eggs. And 
we suggested a possibility that metabolic 
stimulations by these reagents have a close 
relation with a release of cytoplasmic Ca™* 
and a rise of cytoplasmic pH. Therefore, 
the present study was carried out in order 
to confirm the possibility; namely, the 
rate of oxygen consumption and the content 
of arginine phosphate were determined under 
various conditions, such as in the absence 
of external Nat and in the presence of Ca- 
inhibitors(TMB-8 and CTC). 

Thus, it became clear that there are a 
close relationship between the enhancement 
of oxygen consumption and the release of 
cytoplasmic Ca* as well as the rise of 
cytoplasmic pH, while the increase of 
arginine phosphate content depends upon the 
rise of free Ca*™ concentration but not upon 
the cytoplasmic alkalization. Taking the 
results of our studies and those of other 
papers into consideration, we proposed a 
new scheme indicating pathways of early 
events of activation in sea urchin eggs. 


CONJUGATION-SPECIFIC NUCLEAR ANTIGEN, 


CSN-1, IN PARAMECIUM CAUDATUM. 
A. Yanagi. Dept. of Biotechnology, Senshu Univ. 
of Ishinomaki, Ishinomaki, Miyagi. 


To understand molecular mechanisms 
controlling conjugation in Paramecium 
caudatum, I obtained a monoclonal antibody, 
CSN-1, against a conjugation-specific nuclear 
antigen. I examined reactivity of amicro- 
nucleate conjugating cells against the CSN-1 
antibody to know if micronuclei have a role to 
produce the CSN-1 antigen. Micro- (mic) and 
amicronucleate (amic) cells were conjugated in 
three combinations (mic-mic, mic-amic and 
amic-amic). As the results, the CSN-1 antigen 
did not appear in the amicronucleate cells. In 
the conjugation between micro- and amicro- 
nucleate cells, the amicronucleate cells were 
negative against the CSN-1 antibody in the 
beginning, but once they received a haploid 
micronucleus from the partner cells by the 
nuclear exchange, they became positive. These 
results suggest that the CSN-1 antigen is 
produced under the influence of micronuclei. 
This also suggests a possibility that micronuclei 
play a role in controlling conjugation process. 
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CHICK GASTRULA MESODERMAL CELLS TEND TO 
LOCOMOTE IN THE DIRECTION OPPOSITE TO THE 
TRACTIVE FORCE:- THE BEHAVIOR OF CELLS LOADED 
WITH PARAMAGNETIC BEADS IN A MAGNETIC FIELD 


R. Toyoizumi* and S. Takeuchi*. *Dept. of Bio- 
logical Sciences, Kanagawa Univ., Kanagawa. 

We investigated the response of the mesodermal 
cells to the unidirectional traction. 

High migratory chick gastrula mesodermal cells 
are dissociated into isolated cells in Na-citrate buffer 
and suspended with Tosyl-activated paramagnetic 
beads (Dynabeads-450®, @ 4.5m) and seeded onto 
the coverglasses coated with fibronectin. After 30 
min of incubation, the cells spreading uniformly and 
bearing 2-6 beads on the sufrace were placed in a 
magnetic field with neodymium magnet, where the 
beads lined in straight along the magnet line of force, 
and the cell behavior was recorded with time-lapse 
video taperecorder connected with phase contrast 
microscope. Intensity of tractive force was 3.3+-2.6 
x10°8 dyne (avg.+-s.d.)(49 cases). the cells were 
observed to extend leading lamellae often in line with 
the straight beads and moved significantly to the 
direction against the tractive force at 1% significance 
level by Hotelling's T2-test. 

This result suggests that if the leading lamella 
are pulled in the direction opposite to their free edge 
with a proper strength, the traction activate the 
advancement of the leading lamella. 


VARIABILITY IN THE INTERCELLULAR JUNCTION OF 
EPIBLAST CELLS IN RELATION WITH THE POSITION 
OF THEM IN CHICK EMBRYO 

S.Takeuchi Dept. Biol.Sci., Kanagawa Univ., Hiratsuka. 


In order to understand how a sheet of cells, the epiblast (EP) 


in chick embryo, forms an embryonic body, we need to know 
when and where mechanical force acts on it. Assuming the 
cellular junction which counteract the force to keep integnity of 
epiblast may reflect how the force is working, we surveyed the 
intercellular junction in the epiblast of chick embrys at the 
primitive streak(PS) stage with an electron microscope. 

At Stage 2 in Hamburger & Hamilton's table(HH), when PS 
was just started to be formed, area pellucida(a. p.) anterior to 
PS was a single layer of cells. The junction among them was a 
complex of zonula occludens(z. occ.) and zonula adherens (z. 
ad.), though z. ad.limited in a samll range. Sometimes, macula 
adherens(m. ad.)was observed to join the junctional complex. 

Early at St.3 (HH), when PS continued to grow, two types 
of junctional complex were recognized: One was observed 
among the cells elongated and pseudostratified in the central 
area near by PS. The junctional complex consisted of z. occ. 
and z. ad. but lack of m.ad.. Z. ad. tended to occupy larger 
part in the junctional complex keeping pace with vertical 
elongation of the cells along the course of development. 
Microfilament bundles, though not so frequently, were 
observed in the area corresponding to z. ad. at the apical area. 
Another was observed among the cells flattened and single 
layered at the periphery of a. p.. The junctional complex 
consisted of z. occ., z. ad. in small extent, eminent m. ad., 
and interdigitation. 

The epiblast might be exposed to the force acting somehow 
vertically at the central area, and that, horizontally at the 


peripheral. 


Biology 1099 


DIFFERENTIATED QUAIL CELLS COULD BE CON- 
STRUCTED TO CHICK BLASTODERM? 
Y.Sakuda’,Y.D.Noda’ and M.Kinutani2 
Dept. of Biol.,Fac. of Sci.,Ehime Univ. 
and “Dept of Anat.,Ehime Univ.Sch. of Med., 
Ehime 


We injected differentiated quail cells 
into the subgerminal cavity of chick embryo 
at the stage XI-XIII. Quail cells transfer- 
red were the marginal cells of primitive 
streaks, mesenchymal cells of limb buds and 
neuroepithelial cells of cerebral vesicles, 
respectively. Contribution of donor cells 
to host were histologically analyzed utili- 
zing an in situ cell marker. 

Marginal cells of primitive streaks con- 
structed mesodermal and endodermal layers 
of host embryo. Some of mesenchymal cells 
contributed in mesodermal tissues of the 
host. In one case, neuroepithelial cells 
constructed mesodermal tissues of the host. 
Neuroepithelial cells transferred might 
have included some presumptive neural crest 
cells, which differentiated to mesectoderm- 
al cells. Many embryos injected either 
neuroepithelial cells or mesenchymal cells 
formed ectopic large cell masses in host 
embryos. 

These results indicate that the marginal 
cells of primitive streak are acceptable to 
blastodermal cells of embryo, while more 
differentiated cells in embryonic days such 
as ectodermal, mesenchymal and endodermal 
cells might be less acceptable to blasto- 
dermal cells. 


31P NMR OF DEVELOPING QUAIL EMBRYO UNDER HYPOXIA 
K.Nishiaura’, Y.Fujise?, M.Toyama? and A.Nakamura® 
‘Dept. of Biol, Keio Univ., Yokohama, *Dept. of 
Chem., Hamamatsu Univ. School of Med. and *Dept. 
of Biol., Univ. of Shizuoka, Hamamatsu Coll., 
Hamamatsu. 

71P high resolution NMR spectroscopy was applied 
to study the alteration of creatine phosphate(Cr-P), 
ATP and other phosphorus compounds in intact Japan- 
ese quail embryos exposed under hypoxic conditions. 
The air phase within the probe-holder holding an 
embryo in a 27 hand made saddle type coil, attatch- 
ed to the surface probe of GSX-270 NMR system (JEOL), 
was quickly replaced by Ne gas for a certain time 
periods. NMR peaks of phosphomonoesters, inorganic 
phosphate(Pi), phosphodiesters, Cr-P and phosphates 
in adenine nucleotides were monitored on the embryo 
under the hypoxic condition and subsequent recovery. 
These process could be represented by tissue pl 
determined from chemical shift of Pi. While a marked 
increase in Pi and decrease in ATP were observed 
under hypoxia, these changes did not accompany 
notable decreases in Cr-P at 16 days'’embryo. These 
results indicate that the function of Cr-P as energy 
reservor for tissue metabolism is still undeveloped 


at this satge. 
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RECOGNITION OF REGIONAL SPECIFICITY IN 
MESENCHYMES OF PROVENTRICULUS AND GIZZARD 
OF CHICKEN EMBRYO BY LECTINS. 

S. Yasugi!, G. Matsuda* and kK. Shiokawa’. ‘Dept. 
Biol., Fac. Sci., Tokyo Metropolitan Univ., Tokyo 
and “Zool. Inst., Fac. Sci., Univ. Tokyo, Tokyo. 


The mesenchymes of two parts of the avian 
stomach, proventriculus (PV) and gizzard (GZ), exert 
different inductive influence on the differentiation 
of epithelial tissue. To investigate the nature of 
molecular difference between these two 
mesenchymes, we examined the staining properties 
of these mesenchymes. HRP-conjugated lectins were 
applied to alcohol- or formaldehyde-fixed paraffin 
sections of 6-, 8- and 12-day PV and GZ. Some 
lectins (LCA, PHAE4, RCA120, WGA) showed different 
staining patterns of PV and GZ, while others (ConA, 
PNA) stained both organs in the same manner. The 
difference of staining patterns by LCA’. was 
observed after the cultivation of PV and GZ, 
suggesting that the molecular difference detected 
by lectin-binding assay is maintained during 
cultivation. 

When lectins were added to the culture medium 
in which 6-day PV and GZ were cultured for 6 
days, LCA and PHAE4 showed no apparent effect on 
the differentiation of these organs up to the 
concentration of 100u g/ml, while WGA inhibited the 
morphogenesis of both organs at 20ug/ml. These 
results indicated that lectin-binding assay may 
provide a new technique to explore the molecular 
markers in mesenchymes of PV and GZ, although 
the substances to which lectins bind are not 
directly related to the different inductive ability of 
these mesenchymes. 


THE REGULATION OF EPITHELIAL DIFFERENTIATION 
BY THE MIXED MESENCHYMAL CELL AGGREGATES IN 
THE DIGESTIVE TRACT OF CHICKEN EMBRYO. 
K.Urase!, S.Yasugi*. !Zool.Inst., Fac. of Sci., Univ. 
of Tokyo, Tokyo and 2Dept. Biol.,Fac., of Sci., 
Tokyo Metropolitan Univ., Tokyo. 


In the development of chicken digestive tract, the 
proventriculus (PV) and gizzard (GZ) start their 
region specific differentiation from day 6 of incu- 
bation. The PV forms complex glands and secretes 
embryonic chicken pepsonogen (ECPg), whereas GZ 
never forms complex glands and secretes ECPg, but 
produces mucus. It is well-established that the 
mesenchyme plays an important role in these dif- 
ferentiation. To elucidate a mode of action of 
mesenchymal cells upon the epithelial differentia- 
tion, we dissociated PV and GZ mesenchymal cells 
into single cells, mixed and reaggregated them in 
different ratio, and we recombined GZ epithelium on 
the reaggregated mesenchymal cells. The GZ epithe- 
lium associated with PV mesenchyme differentiated 
in PV-like epithelium. After 6 days in in vitro 
culture, the GZ-like differentiation was observed in 
more explants, as the ratio of GZ mesenchymal cells 
increased. In the explants which contain 25% GZ 
mesenchymal cells, there were only a few’ glands 
and a little ECPg expression. These results suggest 
that the GZ mesenchymal cells inhibit PV-like epith- 
elium differentiation, and this inhibitory effect 
occurs without direct contact of GZ mesenchymal 
cells to the epithelial cells. 


FATE MAPPING STUDY OF THE SPLANCHNOPLEURAL 
MESODERM OF THE 1.5-DAY-OLD CHICK EMBRYO. 
S.Matsushita. Dept.of Biol., Tokyo Women's 
Medical College, Tokyo. 

Various areas of the splanchnopleural 
mesoderm lateral to the somites of 1.5-day 
chick embryos were labeled in ovo by local 
injection of Dil, and the distribution of 
the labeled cells in the digestive-tract 
mesoderm of the same embryo collected 
after 2 or 3 days' incubation. 

The labeled cells of the splanchno- 
pleure in each side of the 1.5-day embryo 
generally contributed to the same side of 
the digestive-tract mesoderm of the devel- 
oped embryo except in the region near the 
opening of the bile ducts. The medio- 
lateral arrangement of the areas in the 
splanchnopleure was converted to the 
dorso-ventral arrangement in the mesoderm 
of the developed digestive tract. The 
antero-posterior arrangement was generally 
retained, but the strip of labeled cells 
oriented perpendicularly to the embryonic 
axis always became the elongated band run- 
ning obliquely from the dorso-anterior 
position to the ventro-posterior position 
in the developed digestive tract and the 
band often crossed the boundary of neigh- 
boring organs of the digestive tract. Thus, 
it is likely that the segmentaion in the 
splanchnopleural mesoderm occurring in 
parallel with that of paraxial mesoderm 
reported by Meier (1980) may have no rela- 
tion to the regional subdivision of the 
digestive tract into respective organs. 


EFFECT OF GROWTH FACTORS ON DIFFERENTIATION 
OF CHICK PRECARDIAC MESODERM 

Y.Yamazaki, R-Hirakow. Dept. of Anatomy, 
Saitama Medical School, Saitama 


We previously reported that the 
precardiac mesoderm (PCM) removed from 
chick blastoderm at stage 5 was capable of 
differentiating into beating myocardial 
tissue in vitro, provided that the PCM was 
either cultured in MEM with endoderm or MEM 
was supplemented with 15% horse serum 
(ZOO, Selo 73 LILIES, 199@)) - 

In order to understand the mechanism 
of PCM differentiation more precisely, we 
attempted to examine the effectiveness of 
known growth factors which may be present 
in serum, using the same method as before. 
Factors tested in this study were insulin 


(25 pg/ml), insulin-like growth factor-2 
(100 ng/ml) and basic fibroblast growth 
factor (100 ng/ml). These substances were 


added to culture medium composed of MEM and 
0.1% bovine serum albumin. The results 
showed that all! of the growth factors 
examined were generally effective for PCM 
development, although the degree of 
differentiation was different in terms of 
producing beating tissue or simply 
spreading out on the dish bottom without 
manifesting pulsation. Thus, PCM 
differentiation may be affected by these 
growth factors or some related factors. 
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A MECHANISM OF LATERALLY ASYMMETRIC 
DEVELOPMENT OF DUCK SYRINX. 

M.Takahashi’*? and T.Noumura’?. ‘Cell culture 
Lab.,Tokyo Metro.Inst.of Gerontol.,Tokyo and 


2Dept . of Regulat. Biol.,Saitama Univ, .Urawa 


The possible involvement of the interaction 
between the right and left halves in 
laterally asymmetric and sexually dimorphic 
development of duck syrinx was examined. 
When the right and left halves were organ- 
cultured in the different dishes,they 
developed into the similar size due to the 
enhancement of the growth and chondrogenesis 
of the right one. However both recombined 
halves and two halves spaced from each other 
but shared a culture medium in the same dish 
grew asymmetrically like the whole syrinx. 
These results suggest a factor from the left 
half which is soluble and inhibits the 
growth and chondrogenesis of the right one 
is involved in the asymmetric development of 
male syrinx. 

Estrogen-treated right half showed no 
enhancement of chondrogenesis but of growth 
due to the separation from the left half. 
And chondrogenesis of the right half was not 
inhibited when cultured to be recombined 
with the left one pre-treated with estrogen. 
Estrogen may be not affective on the 
inhibition of the growth but inactivates the 
inhibitory effect on chondrogenesis. 


INDUCTION OF THE PRONEPHROS IN XENOPUS 
EMBRYOS. 

H. Takasaki, Y.Yamamoto and M.Yoshida 
Dept. of Biol., Osaka Kyoiku Univ., Osaka. 


Three types of experiments were carried 
out to make clear whether the ventro-lat- 
eral equatorial blastomeres of 32-cell 
Xenopus embryos (stage 6) have an ability 
to produce descendant cells which auton- 
omously differentiate to the pronephros. 
Extirpation experiments revealed that 
formation of the pronephric tubules al- 
ways occurred in the absence of the 
ventro-lateral equatorial cells (C tier). 
The pronephros developed when 3 cells from 
the animal cap (A tier) of X. borealis 
were transplanted to a cavity which was 
made by removal of the ventro-lateral 
cells of X. laevis (C tier). The descend- 
ant cells of the grafted blastomeres 
largely contributed to construction of the 
pronephric tubules of the host embryos. 
Culture of the isolated equatorial cells 
(B and C tiers) revealed that the differ- 
entiation of the pronephric tubules 
occurred only when the dorsal equatorial 
blastomeres were cultured together with 
the ventro-lateral equatorial blastomeres. 
From these experiments it can be conclud- 
ed that differentiation of the pronephros 
may be induced by the descendant cells 
of the dorsal equatorial blastomeres after 
stage 7. 


METAMORPHIC CHANGES OF THE CHICK CHORIO- 
ALLANTOIC MEMBRANE INDUCE BY LOCAL ACTION 
OF THE THYROID HORMONE. 

Y. Tahara, T. Nakano and H. Takasaki 

Dept. of Biol., Osaka Kyoiku Univ., Osaka. 


We previously reported that administ- 
ration of the thyroid hormone by dripping 
onto the chick chorioallantoic membrane 
(CAM) on day 6 or 8 of incubation induces 
cell death by autolysis and tissue differ- 
entiation followed by enhancement of cell- 
ular activities. Recently we administered 
the hormone via implantation of a small 
piece of DEAE cellulose paper (Whatman) 
impregnated the hormone (10*-10°M of T3) 
into the CAM. The hormone simultaneously 
induced regressive and differentiative 
changes in the CAM tissues which came in 
contact with the implanted paper. No such 
changes were observed in the control CAMs 
which were administered thyronine (10M) 
or Ringer's salt solution. A local meta- 
morphic response was also induced in the 
tail fins, i.e. darkening and resorption, 
of Xenopus tadpoles with implants con- 
taining T3 (10%M). Based on these find- 
ings we hypothesize that the CAM is homo- 
logous organ to the tadpole tail, one of 
the larval organs of amphibian larvae, and 
that the developmental program for am- 
phibian metamorphosis might be preserved 
in birds and express in the CAM during 
development. 


TRANSFERRIN IS NOT REQUIRED FOR GROWTH OF 
SCLERAL FIBROBLASTS IN PROTEIN-FREE CULTURE. 
Y.Ohya and K.Watanabe. 

Cell and Developmental Biology Laboratory, 
Faculty of Integrated Arts and Sciences, 
Hiroshima University, Hiroshima. 

Supplementation of transferrin had been 
considered to be essential for cell prolif- 
eration in serum-free culture. However, we 
previously reported that the scleral fibro- 
blasts of the chick embryo proliferated by 
an autocrine mechanism in protein-free 
medium, without transferrin. 

We examined whether the scleral fibro- 
blasts produced transferrin as an autocrine 
factor. 

(1) SDS-PAGE of proteins in the condi- 
tioned medium of scleral fibroblasts indi- 
cated the presense of protein(s), showing 
molecular weight of 70-80 KD which was 
Similar size to that of transferrin. 

(2)We prepared 3 monoclonal antibodies 
against purified ovo-transferrin. Dot-blot 
immunoassay revealed that they did not 
react with any proteins contained in the 
conditioned medium, 

(3)The conditioned medium did not promote 
myogenesis under the condition that puri- 
fied ovo-transferrin did it prominently. 

These results indicate that the sclera] 
fibroblasts should be a specific cell type, 
which do not require transferrin for their 
survival and proliferation, suggesting the 
presense of unknown mechanism different 
from the transferrin-mediated transport to 
take up iron-ion from culture medium, 
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TEM OBSERVATION OF THE BASEMENT MEMBRANE 
OF THE EMBRYONIC QUAIL UROPYGIAL GLAND 
CULTURED IN THE PRESENCE OF EGF 

Y. Fukui Dept. Bvale ys LokKyo Women's 
Medical College, Tokyo 


Formation of the glandular lumen of 
8.5-day quail uropygial rudiment was in- 
hibited when 50 ng/ml of EGF was added to 
the medium. Unlike control cultures, the 
EGF-treated epithelium had a waved basal 
surface, suggesting that the basement 
membrane undergoes structural changes. 

The basement membranes of the uropygial 
rudiments in vivo and of the explants 
cultured with or without EGF were observed 
with a TEM. The basal lamina uniformly 
lines the basal surface of the epitheliun, 
consisting of lamina lucida and lamina 
densa, in the rudiments of 8- and 10-day 
embryos and in the explants of control 
cultures. Fine fibrils are seen originat- 
ing from the lamina densa and extending 
into the mesenchyme. In EGF-treated ex- 
plants, the basal lamina occasionally de- 
taches from the basal surface of the 
epithelium; epithelial cytoplasmic  proc- 
esses protrude through the basal lamina 


to the mesenchyme; filaments of 25 nm in 
diameter are conspicuous beneath the basal 
lamina and in the mesenchyme. These 


features are also observed in the rudi- 
ments of 12- and 13-day embryos, suggest- 
ing that EGF may evoke precocious changes 
in the basement membrane, which results in 
the inhibition of lumen formation. 


EFFECT OF RETINOL ON JUNCTIONAL COMMUNICA- 
TION IN MIX CULTURE OF FIBROBLAST AND 
KERATINOCYTE FROM CHICK EMBRYONIC SKIN. 

K. Mikami-Takeil, Y. Saeki2,; H. Endo! and 
A. Obinatal. IDept. Physiol. Chem., Fac. 
Pharmaceu. Sci., Teikyo Univ., Kanagawa 
and 2Molecular Biology Inst., Dai-ichi 
Pharmaceutical Co. Ltd., Tokyo. 


We have studied cell to cell communica- 
tion via gap junction by microinjection of 
fluorescent dye Lucifer Yellow ( LY ) into 
primary mix culture of fibroblast and 
keratinocyte from 13-day chick embryonic 
skin. In fibroblast, LY-coupled cells 
were evident but decreased when cells were 
treated with retinol ( 20 uM for about 20 
hrs ). On the other hand, in the mass of 
keratinocyte that piled up on the sheeted 
keratinocyte, LY transferred to the whole 
colony but was restricted only in one or a 
few cells when cells were treated with 


retinol. The same result was obtained 
when LY was injected into cultured chick 
embryonic” skin. Dye transfer between 
fibroblast and keratinocyte was never 
detected in the present experimental 
condition. In summary, there are 
widespread humoral intercellular 


communication among same type of cells but 
not between different types and this 
communication is blocked by excess 
retinol. 


DOES THE FEATHER BUD CAUSE EXTRA 
DIGITS FORMATION IN LIMB BUD? 

K.Uchiyama and K.Kitamura . Lab. of 
Neuroembryol . Mitsubishi Kasei Inst. 
of Life Sci. 


To examine the ability of the 
feather bud to cause extra digits 
formation in limb bud, the feather 
bud of the chick dorsal skin at 
various developmental stage was 
transplanted to the anterior region 
of the stage 20-21 chick limb bud. 

When the whole feather bud of the 
7.5-8day embryo and the anterior and 
posterior half of the feather bud of 
9-9.5day embryo was transplanted to 
limb bud respectively,extra cartilage 
and digits were formed. The extra 
digit pattern was chiefly 2234, but 
in some cases, 3234 or 32234. 

In contrast to the feather bud 
tissue, when the dorsal skin of 
5.5day embryo and the inter-—-feather 
bud tissue of 9-9.5day embryo was 
transplanted, no extra digits were 
formed. 

These results suggest that the 
feather bud of the dorsal skin has 
the ability to cause extra digits 
formation in limb bud and might 
mimics the zone of polarizing 
activity (ZPA). 


FACTORS ACTIVATING A POSITION SPECIFIC 
ANTIGENN,AV-1,EXPRESION IN ST.20 CHICK 
LIMB BUD CULTURE. 

A.Watanabe,K.Ohsugi and H.Ide. Inst. of B 
iol.,Fac.of Sci.,Univ. of Tohoku, Sendai. 


Distal region (progress zone) of the 
chick limb bud is important for the carti- 
lage pattern formation,and there, mesoderm- 
al cells are maintained in undifferentiat- 
ed,growing state by the interaction with 
the apical ectodermal ridge(AER).AV-1 ex- 
pression occurs in distal-anterior region 
of the st.20 chick limb bud and depends on 
the AER. 

We searched for factors activating AV-1 
expression in vitro by Western blot.analy- 
sis and found the activity in the combina- 
tion of BRL3A conditioned medium and bFGF. 

Under this environment,many aggregates 
were formed by the cells derived from 
distal mesoderm,and some of them expressed 
AV-1 antigen.This suggests that there may 
be other similar substance expressed in 
AV-1 negative aggregates.The AV-1 expres- 
sion is further activated by the ectoderm- 
al seat including the AER or the mesoderm- 
al fragment of posterior region of the 
limb bud attached to the culture. 

Cells derived from distal mesoderm 
were well maintained and proliferated 
relative to the control culture(F1l2 1%FCS) 
and cartilage differentiation is reversib- 
ly inhibited. 

These results suggest that the combina- 
tion of factors not only activate AV-1 
expression but may maintain distal meso- 
dermal cells and allow them some important 
cell-cell interaction in the st.20 limb 
bud. 
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CARTILAGE PATTERN FORMATION BY SELF 
ORGANIZATION OF THE DISTAL MESODERMAL 
CELLS OF CHICK LIMB BUD. 

Noeeada’, Ws  Yokouchi':.*, ..K. ° Ohsugi', 
A. Kuroiwa? and H. Ide', ‘Biol. Inst. and 
*Res. Inst. for TB and Cancer, Tohoku 
Univ., Sendai. 


Distal mesodermal tissues of chick limb 
bud can form segmented and _ branched 
limb-like cartilage structures when they 
are dissociated into Single cells, 
reaggregated and packed into ectodermal 
hull containing AER. Since this cartilage 
patterns differed depending on the 
mesoderm stage as reported previously, we 
analyzed recombinants by using tissue or 
stage/region specific markers of 
normal limb bud. 

Tissue specific molecules, PG-H and 
PNA-binding molecules, showed Similar 
expression pattern in the recombinants 
with young and old mesoderm. However, 
AV-1, a region specific protein, was 
expressed only in the recombinants with 
young mesoderm. Homeobox-conteining genes 
of the Chox-1l1 and the Chox-4 complex 
also showed region-specific expression 
patterns in these recombinants. These 
results suggest that mesodermal cells 
retain their stage-dependent positional 
values even in the recombinants, by 
which different cartilage patterns are 
specified. 


THE INDUCTION OF ZPA BY RETINOIC ACID 
IN DEVELOPING CHICK LIMB BUD. 
K. TAMURA, Y.AOKI. and H. IDE. 
Biol. Inst.. Tohoku Univ.. Sendai. 

Retinoic acid (RA). which mimics the action 
of polarizing region (ZPA) for antero-posterior 
symmetrical duplication in the chick limb bud, 
has been considered to be a ‘morphogen’ 
involved in limb morphogenesis. However, we 
presented the evidences supporting that RA may 
not be a morphogen. 

The beads presoaked in 1-10 mg/ml RA were 
implanted into stage 20 wing bud and then 
lafter 24hr) the grafts from six regions 
adjacent to the beads were transplanted to 
anterior margin of another limb buds secondarily. 
Several levels of duplications were produced 
following these operations and a certain region 
showed the highest polarizing activity. Almost 
all of additional digits were shown by chimera 
analysis to be induced in host limb bud. This 
activity induced by RA changed dose-dependently. 
In situ hybridization with Chox-4f whose m-RNA 
is present at the posterior specifically in 
chick limb bud, revealed that duplication at 
the molecular level appears after these 
operations. 

These data strongly suggest that exogenously 
applied RA must convert the specific anterior 
tissue to possess the ZPA activity. that is. 
exact function of RA may be ‘induction of ZPA’. 
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AER AND ZPA CONTROL THE EXPRESSION OF 
Chox-] AND Chox-4 GENES IN DEVELOPING 
CHICK LIMB BUD. 

Y. Yokouchi!,H.Sasaki? and A.Kuroiwa?, 

Biological. Inst., Fac. of Science., “Dept. of Cell 
eee Res. Inst. for Tuberculosis & Cancer. 
Tohoku Univ. Sendai. 

e have already reported that the expression domains 
of the Chox-J genes and Chox-4.8 are closely related 
to the segmental structure of cartilage along the 
proximo-—distal axis, whereas the expression domains 
of Chox—4 genes are related to cartilage branchin 
pattern. It is known antero-posterior axis formation o 
chick limb is controlled by ZPA, and proximo-distal 
axis formation needs AER and ZPA. 

We thought that the expression of homeobox genes 
were controlled by AER, we transplanted AER to a 
dorsal side of st.20 chick limb bud, and investigated 
the expression domains of them by in situ 
eon After transplantation, Chox-1.10 and 
hox-4.8 induced in the mesoderm beneath the trans— 
ate AER. When AER was transplanted to st.17 
imb bud, Chox-1.9 induced in the mesoderm 
beneath the transplanted AER. 
It has been known that Chox-4 genes were induced 
: transplanted ZPA. We thought that the expressions 
of Chox-] genes were controlled by ZPA. We trans- 
plants ZPA to an anterior margin of st.20 chick limb 
ud, and investigated the expression patterns of 
Chox-I1 genes. After transplantation, Chox-J.10 
expressed in the mesoderm adjacent to the transplanted 
ZPA. The expression of Chox-1.9 was enhanced by 
the transplanted ZPA. We conclude that the 
expression of these homeobox genes are controlled by 
R and ZPA cooperatively. 


The Influence of the Continuous Sevoflurane 
Gas Treatment to the Hatched Chicken. 
H.HASEGAWA*, H.TANAKA and K.NONOYAMA., ** 

* Chukyo Womens Univ. Ohbu and ** Aichi Univ. 
of Educ., Kariya. 

The authors reported previously that the ane- 
sthetic agents shch as halothane and enflurane 
caused the inhibition of the growth of chick 
embryo and malformation of the embryo, and th- 
ese agents caused to the liver damage of the 
chickens and disturbed the liver LDH patterns, 
serum LDH patterns and ultramicrostructure of 
the liver cell electron microscopically. 

In this studies, the authors examined on the 
influence of a new anesthetic agent, sevoflu- 
rane gas treatment to the hatched chicken. The 
chicken hatched after 8 days (55.6+1 by body 
weight) was anesthetized with sevoflurane 2.0 
% V/Oya total 96 hours continuously (4 hours a 
day). The ratio of the body weight decrease 
was slightly as compared with halothane or en- 
flurane treatment. The values of serum LDH, 
GOT, GPT and r-GTP of sevoflurane treated chi- 
cken were changed slightly as compared with th- 
ose of the control. Many stretched microvilli 
and lymphatic cells on the surface of Disse's 
cavity of the treated chicken liver were obs- 
erved. And also, the uneven rough surface was 
observed:in the interior of the branch of he- 
patic arteria. However, not so significant di- 
fference was recognized between the treated : 
icken liver and the control, from the scann 
electron microscopic observation. It was con- 
sidered that sevoflurane affected to the ver 
cell of chicken, not s0 remarcablly as 
thane or enflurane, 


1104 Developmental Biology 


ASCORBIC ACID 2-PHOSPHATE PROMOTES LONG- 
TERM SURVIVAL AND MATURATION OF CULTURED 
SKELETAL MUSCLE CELLS 

R. Matsuda’ and O. Saitoh?. 1Dept. of Biol., Univ. of 


Tokyo, Meguro and 2Div. of Mol. Genet., Nat. Inst. of 


Neurosci., Kodaira. 


We cultured embryonic chicken breast muscle 
cells in the presence of 100 uM of long-lasting 
Vitamin C (ascorbic acid 2-phosphate, Asc 2-P). 
There was no difference in terms of myoblast 
fusion and myotuformation between control and 
test cultures, however, in the third week of 
culture, myotubes in control culture started to 
degenerate In Asc 2-P-containing medium 
myotobes showed thicker and healthier 
appearance with no sign of degeneration. Isoform 
analysis on myosin heavy chain (MHC) suggested 


that the long-term cultured myotubes in Asc 2-P- 


containing medium expressed not only embryonic 
MHC but also neonatal and adult types of MHC. 
Procollagen analysis suggested that muscle cells 
cultured in Asc 2-P-containing medium secreted 
the processed form of procollagens, however, 
control culture secreted only degadeted unstable 
procollagens suggesting that extracellular 
matrices with endogenously made collagens may 
play an important role in long-term survival and 
maturation of cultured skeletal muscle cells. 


HISTOLOGICAL DISTRIBUTION AND QUANTITATIVE 
CHANGE OF TROPOMYOSIN ISOFORMS IN DEVELO- 
PING CHICKEN DIGESTIVE CANAL. 

L.Xie, J.Miyazaki, T. Hirabayashi. Inst. 
of Biol. Sci., Univ. of Tsukuba, Tsukuba. 
Histological localization of tropomyosin 
isoforms in the esophagus, proventriculus 
and small intestine from embryonic and 
adult chickens was performed with rabbit 
antisera against chicken skeletal muscle 
tropomyosin and against low-Mr-type tropo- 
myosin from the chicken small intestine 
mucosa. The former reacted witha, 8 and 
other high-Mr-type isoforms, and the 
latter reacted strongly with a, 8 and low- 
Mr-type isoforms and weakly with high-Mr- 
type isoforms. a and §8 isoforms were dete- 
cted in muscle cells of muscular layer and 
muscularis mucosa from the embryo and 
adult. High-Mr-type isoforms were detected 
in the embryonic muscular layer and adult 
muscularis mucosa. Low-Mr-type isoforms 
were detected densely in the cell membrane 
and nearby cytoplasm and diffusely in the 
remaining cytoplasm of almost all  non- 
muscle cells. They were also detected den- 
sely in the terminal web of epithelial 
cells. Quantitative changes of tropomyosin 
isoforms in developing digestive organs 
were studied by two-dimensional gel elec- 
trophoresis and image analysis. The rela- 
tive amounts of a and 8 isoforms increased 
in the course of development, but those of 
low-Mr-type and high-Mr-type isoforms 
decreased. 


EXPRESSION OF CHICKEN TROPONIN T ISOFORMS AND 
FAST MUSCLE CELL LINEAGE 

Y.Yao and T.Hirabayashi, Inst. of Biol. Sci. 
Univ. of Tsukuba, Tsukuba, Ibaraki 305, Japan 


Variation of fast muscle troponin T isoform 
expression in different muscles and in 
developing muscles has been studied. In order 
to change the physical circumstance and 
investigate the mechanism of the isoform 
expression, muscle transplantation was carried 
out. Histological observation of the 
transplants revealed the process of 
degeneration and regeneration of muscle cells. 
The patterns of two-diemensional gel 
electrophoresis and immunoblotting tests 
showed that the regenerating muscle in grafts 
expressed the same pattern as that of tissues 
which the grafted muscle derived from. The 
results suggested that the pattern of fast 
muscle troponin T isoform expression is 
primarily fixed in the cell lineage. 


STRUCTURAL ANALYSIS OF CLONED cDNAs OF 
ASCIDIAN TROPONIN T AND FORCED EXPRESSION OF 
THE cDNA IN CULTURED MOUSE FIBROBLASTS 
G. Katsura, T. Hama, K.W. Makabe*, T. Obinata, N. Satoh*, 
and T. Endo. Dept. of Biol., Fac. of Sci., Chiba Univ., Chiba 
and *Dept. of Zool., Fac. of Sci., Kyoto Univ., Kyoto 


The adult body wall muscle of the ascidian Halocynthia 
roretzi is a smooth muscle but its contraction is regulated by a 
troponin complex. Different from striated muscle troponins, the 
ascidian protein is a Ca**-dependent activator of the contraction. 
This property is attributable to troponin T (Tn T), the 
tropomyosin-binding subunit of troponin. The ascidian Tn T is 
composed of multiple isoforms as well as the protein in various 
chordate animals. To examine the functional domains of 
ascidian Tn T and the mechanisms responsible for the generation 
of the multiple isoforms, we cloned several cDNAs from a 
cDNA library of the adult smooth muscle. One of them (aTnT2) 
contained an entire coding region. The amino acid sequence 
deduced from the nucleotide sequence was ~50% identical to that 
of mammalian striated muscle Tn Ts. The sequences of sites 
involved in binding to tropomyosin, Tn I, and Tn C were 
conserved. mRNAs corresponding to this cDNA and another 
clone aInT19 were likely to be generated from the alternative 
usage of multiple poly(A) addition signals. The sequence of one 
of the embryonic TnT cDNAs (eTnT2) cloned from a tail-bud 
embyo cDNA library was identical to that of aInT2. Thus, 
considering the conversion from striated muscle to smooth 
muscle during development, it is of interest that identical TnT is 
expressed in embryo and adult muscles. Transient expression 
through the transfection of aTnT2 into the mouse C3H10T1/2 
fibroblasts revealed that the exogenous protein did not bind to 
tropomyosin on microfilament bundles but accumulated in the 
nuclei. This is probably due to the presence of two streches of 
basic amino acids in the proteins. Consequently, complex 
formation with Tn I and C seems to be essential for the Tn T to 
associate with tropomyosin on thin filaments or microfilaments. 
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REGULATION OF THE GROWTH OF SKELETAL MUSCLE 
CELLS DURING DIFFERENTIATION AND DEDIFFEREN- 
TIATION BY THE TUMOR SUPPRESSOR GENE RB 

T. Endo and S. Goto 

Dept. of Biol., Fac. of Sci., Chiba Univ., Chiba 


Terminally differentiated skeletal muscle cells (myotubes) 
had been considered to be irreversibly arrested in GO phase of 
the cell cycle. The mouse skeletal muscle cell line C2SVTts11, 
which is a clone of C2 cells transfected with the SV40 large T 
antigen gene linked to Zn?+-inducible metallothionein gene 
promoter, is prevented from differentiation when the large T is 
expressed. If large T is induced in preformed C2SVTts11 
myotubes, the terminally differentiated cells reenter the cell cycle 
to synthesize DNA and resume mitosis and cytokinesis. To 
elucidate the mechanisms for growth arrest during differenuation 
and resuming cell division during this dedifferentiation, we 
focused on the expression of the tumor suppressor gene RB 
(retinoblastoma gene). RB suppresses the growth of several 
tumor cells when it is introduced in the cells. Unphosphorylated 
RB protein is regarded as active in growth suppression because 
it is unphosphorylated during GO/G1 phase but phosphorylated 
during S to M phase. However, the levels of RB expression 
had not been shown to be related to the state of growth or 
differenuation. We have found that undifferentiated C2SVTts11 
myoblasts had very low levels of RB mRNA but that the 
mRNA was remarkably induced during terminal differentiation. 
The expression of RB was suppressed when differentiation was 
inhibited by the induction of /arge T. In addition, RB mRNA 
was deinduced during dedifferentiation of the myotubes. 
Immunofluorescence microscopy using a monoclonal antibody 
to RB protein demonstrated that the amounts of the protein also 
considerably increased during differentiation and declined during 
dedifferentiation. These results suggest that the amount of RB 
protein, presumably in addition to its phosphorylation, is 
essential for the regulation of growth state during differentiation 
and dedifferentiation at least of the skeletal muscle cells. 


THE EXPRESSION AND ACTIVITY OF cdc2 DURING 
DIFFERENTIATION AND DEDIFFERENTIATION OF 
SKELETAL MUSCLE CELLS 

Y. Ohkubo, S. Goto, T. Kishimoto*, and T. Endo 

Dept. of Biol., Fac. of Sci., Chiba Univ., Chiba and *Fac. of 
Biosci., Tokyo Inst. of Technol., Yokohama 


Undifferentiated skeletal muscle myoblasts proliferate, 
whereas terminally differentiated myotubes are arrested in GO 
phase of the cell cycle. However, myotubes of the C2SVTts11 
cells (see the preceding abstract) reenter the cell cycle to resume 
DNA synthesis, mitosis, and cytokinesis, when the SV40 large 
T is induced in the terminally differentiated cells. cdc2 is a 
catalytic subunit of the M-phase promoting factor (MPF). In 
HeLa cells, the abundance of cdc2 mRNA and the synthetic rate 
of the protein vary in a cell cycle-dependent manner, but the 
amount of the protein is almost constant throughout the cell 
cycle. To elucidate the mechanisms for the growth arrest during 
terminal differentiation and reentry into the cell cycle during the 
above dedifferentiation, we examined the expression and activity 
of cde2. Northern blotting showed that cdc2 mRNA was 
present at high levels in undifferentiated myoblasts. The levels 
remarkably diminished during terminal differentiation. During 
dedifferentiation, the amount of the mRNA restored by the time 
when the myotubes resume mitosis. Immunoblotting and 
immunofluorescence microscopy using PSTAIR antibody that 
recognizes cdc2 protein revealed that the levels of the protein 
also fluctuated in good accordance with those of the mRNA. In 
addition, histone H1 kinase activity, which is ascribable to MPF 
activity, varied coordinately with the amount of cdc2 mRNA and 
protein. These results suggest that the oscillation of the amount 
of cdc2 protein also determines MPF activity and that the activity 
is responsible for the growth properties during terminal 
differentiation and dedifferentiation at least of the skeletal muscle 
cells. 


KINASE OF PHOSPHOLIPASE C y BY cdc2 
S. Goto'!, M. Hidaka”, E. Okumura?, T. Kishimoto’, T. 
Takenawa?, and T. Endo 

1Dept. of Biol., Fac. of Sci., Chiba Univ., Chiba, 7Dept. of 
Biosignal Res., Tokyo Metropolitan Inst. of Gerontol., Tokyo, 
and 3Fac. of Biosci., Tokyo Inst. of Technol. Yokohama 


When extracellular signals such as growth factors and 
hormones are transduced to intracellular signals via their 
receptors, inositol phospholipid turnover is induced by 
phospholipase C’s (PLCs). These enzymes hydrolize 
phosphatidylinositol 4,5-bisphosphate (PIP.,) to produce 
diacylglycerol and inositol 1,4,5-trisphosphate IP, ). Among 
others, PLC ht and ¥ 2 are activated through phosphorylation 
by the growth factor receptors with a protein tyrosine kinase 
activity. The activated enzymes are able to hydrolize PIP, 
complexed with certain actin-binding proteins including profilin. 
The M phase-promoting factor (MPF) is involved in the 
induction of M phase by phosphorylating the Ser/Thr residues of 
proteins required for the dynamics of the cell cycle. cdc2 is the 
catalytic subunit of MPF. We have addressed whether MPF 
drives these phases of the cell cycle also through regulating the 
inositol phospholipid tumover. PLC y 1 and y2 contain one and 
two consensus sequences (S/T-P-X-K/R), respectively, for 
phosphorylation by cdc2 kinase. Partially purified bovine brain 
PLC y 1 and bovine thymus PLC y2 were phosphorylated by 
cdc2 isolated from starfish. Antibodies to PLC y 1 and y2 
immunoprecipitated their phosphorylated antigens. The activity 


of PLC y 1 and y2 was 1.2 to 1.5-fold elevated by the 
phosphorylation. These results suggest that MPF is implicated 
in the induction of inositol phospholipid turnover. 


Participation of new myoblasts’ during 
transformation from the larval to adult muscles 
in Drosophila melanogaster 

Ken-ichi KIMURA and Kazuya USUI 

Lab. Biol. Hokkaido University of Education, 
Iwamizaw m wamizaw 

Usually, muscles which have once differentiated 
continue to maintain their differentiated state. 
However, in holometabolous insects, some larval 
muscles lose the differentiated state and then regrow 
during metamorphosis. In Drosophila melanogaster, 
many muscles die at beginning of metamorphosis. 
However, some larval muscles persist during 
metamorphosis. These muscles lose the contractile 
protein once, re-produce it and finally transform into 
adult ones. We examined the changes of nuclei in the 
muscles during metamorphosis, using an enhancer trap 
line, A37, which labels the nuclei of muscles. Each 
laravl muscle contained about 10 large endoreplicated 
nuclei. After regrowth, in the corresponding muscles, 
several small nuclei newly-appeared in addition to large 
ones. 

Transplantation experiment indicated that 
myoblasts can fuse with the persisting larval muscles. A 
part of A37 wing disc (donar) which contains many 
myoblasts was transplantated into wild-type pupa (host). 
After the regrowth, the host muscles contained smal! 
nuclei derived from A37. This suggests that appearance 
of small nuclei results from the invasion of new 
myoblasts during metamorphosis. Fusion with new 
myoblasts might promote the regrowth from larval 
muscles into adult ones. 
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PATTERN ON CHIMERA DERIVED FROM FUSED BODY 
FRAGMENTS OF POLYANDROCARPA MISAKIENSIS 

T. Dshaih: 7. Y. Sauto; and  “Yataneda-. 
‘Shimoda Mar. Res. Ctr., Univ. of Tsukuba, 
Shimoda, Shizuoka, and *Dept. of Biol., 
Fac. of Educ., Yokohama Natl. Univ., 
Yokohama. 


In the compound ascidian, Polyandrocarpa 
misakiensis, two types of chimeras are 
formed through the regeneration processes 
when two body fragments of zooids fused 
with each other at their cut surfaces. One 
is a single-zooid chimera with normal mor- 
phology, and the other is a double-zooid 
monster. Then we tried to make chimeras of 
normal situs viscerum (NSV) and situs 
inversus viscerum (SIV) zooids, and exa- 
mined the body pattern of chimera zooids. 
In the cases of fusion between a SIV ante- 
rior half and an NSV posterior one and 
between an NSV anterior one anda SIV 
posterior one, single-zooid chimeras and 
double-zooid monsters (malformed) were 
formed. In a double-zooid monster (malfor- 
med), an anterior half made an abnormal 
zooid and a posterior one formed a normal 
zooid with its original heart-gut (H-QG) 
axial polarity. In all of single-zooid 
chimeras, a SIV zooid was never observed. 
From those results, the H-G axial polarity 
may be one of important factors on morpho- 
genesis, but it is unstable because the 
SIV type polarity returned into normal one 
during morphogenesis in the single-zooid 
chimeras. 


A METHOD FOR THE CELL-LINEAGE IN THE 
TRANSPARENT EMBRYO. 

Y.Hiramoto. Biol. Lab.,The Univ. of the 
hati, (hostile. 

A method for the cell-lineage in the 
transparent embryo was reported. The embryo 
in a glass vessel placed on the stage of an 
inverted microscope was observed and re- 
corded with a video-tape-recorder (VTR) 
after an appropriate magnification. The VTR 
was set to record repeatedly the image of 
the embryo for a definite duration (e.g. 20 
sec) at a regular interval (e.g. 10 min). 
The microscope objective lens was slowly 
moved up and down with a micromotor coupled 
with reduction gears to focus all optical 
sections of the embryo. The directions of 
the movement of the objective lens were 
changed by switching the micromotor circuit 
with a pin fixed to the knob for focusing 
the microscope. By playing-back the video- 
tape in forward and/or reverse directions, 
it was possible to determine relative posi- 
tions among blastomeres of the developing 
embryo and so to follow the fate or origin 
of every blastomere. 

Examples of the cell-lineage in the embryo 
of the sand dollar, Clypeaster japonicus 
were demonstrated, in which the embryo was 
oriented so that the embryonic axis might 
be horizontal or vertical by manipulating 
the embryo with a microneedle at 4-cell 
stage. 
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MORPHOLOGICAL DIVERSITY OF MULTIPOTENT 
CELLS WITH REFERENCE TO STOLONIAL GROWTH 
AND BUD FORMATION IN THE ASCIDIAN PEROPHORA 
Y.M.Sugino, S.Kohguchi and K.Kawamura.Dept. 
of Biol., Fac. of Sci., Kochi Univ., Kochi 
We examined ultrastructurally regional 
difference in morphology of the multi- 
potent stolonial septum in the process of 
stolonial growth and budding in the 
ascidian, Perophora japonica. The septum 
can be classified into three parts: the 
tubular, thin-layered,and branched regions. 
The tubular region occupies the distal- 
most part of the stolon. The cell contains 
a spherical nucleus, undeveloped cilia, and 
microfilament-like fibrils. The thin- 
layered region exists next to the tubular 
region. Cells of tubular and thin-layered 
regions are relatively undifferentiated and 
characterized by abundant ribosomes in the 
cytoplasm. The branched region is located 
in the proximal part of the stolon. The 
cell has much ER, microfilaments, and a few 
kinds of granules including phagosomes, 
showing characteristics of differentiated 
state. Cell death also occurs. These 
results show that cells of the septum be- 
come specialized in the more and more prox- 
imal region. Bud formation is another de- 
velopmental pathway of the septum. The 
following features were detected: 1) Region- 
al difference in cell thickness occurs. 2) 
Microfilament bundles, which are known to 
exist during folding of various epithelia, 
do not develop. 3)The cell proliferates 
actively. 4)No cell death is found. 


RETINOIC ACID INDUCES THE SECONDARY ANTERO- 
POSTERIOR AXIS IN PALLEAL BUDS OF ASCIDIANS. 
K.Hara, S.Fujiwara, K.Kawamura. Dept. of Biol. 
Fac. of Sci. Koch Univ.. Kochi. 


Polyandrocarpa misakiensis succeeds generations 
by asexual reproduction named palleal budding, 
in which parental positional values are imposed 
to buds and afford a clue for establishing 
their antero-posterior axis. In this work, we 
examined the effect of retinoic acid (RA) on 
axial formation of ascidian buds, as RA has been 
known to influence the normal pattern formation 
in many developing systems of vertebrates. A 
bead containing RA was implanted into the bud s 
distal portion, at which morphogenetic events 
don't take place normally. In contrast with con- 
trol beads containing dimetyl sulfoxide, RA in- 
duced the secondary antero-posterior axis ina 
concentration-dependent manner, resulting in 
pattern duplication. The axial structures in- 
duced were completely normal with reference to 
the original one. Histological studies showed 
that morphogenesis commenced just beneath the 
bead implanted. As in the normal morphogenetic 
region, the atrial epithelial cells became 
thickened and mesenchymal cells decreased gradu- 
ally in density. These results suggest that RA 
may have some role in pattern formation of 
ascidian palleal buds. 
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COULD THE ASCIDIAN BUDDING BE REGARDED AS 
A TRANSDIFFERENTIATION SYSTEM ? 
S.Fujiwara and K.Kawamura. Dept.of Biol., 
Fac.of Sci., Kochi Univ. Kochi. 

During the bud development of the 
ascidian Polyandrocarpa misakiensis, most 
tissues in the bud are formed as foldings 
of the atrial epithelium. In this work, we 
examined whether the atrial epithelium is 
undifferentiated reserve cells. Using a 
monoclonal antibody, it was revealed that 
the atrial epithelium expresses an 
antigen, named Pael, on the cell surface 
and in cytoplasmic granules. The antigen 
was also located in the differentiated 
pharyngeal epithelium, suggesting that 
Pael represents some differentiated state. 

In the developing bud, the epithelial 
cells in certain restricted regions enter 
the mitotic cell cycle. In these regions, 
swelling of nuclei, prominent nucleoli and 
accumulation of RNA are also observable. 
These activated cells are the precursors 
of bud organs. And just from these organ- 
forming epithelial cells, the surface Pael 
Signal disappeared, whereas a trace of the 
antigen still remained as cytoplasmic 
Granules even at later stages. These 
results indicate that the cells 
differentiating into various tissues were 
Gerived from the very cells that had 
formerly expressed Pael atrial epithelium 
antigen. We suggest that the conversion of 
the atrial epithelium into other tissues 
can be regarded as a transdifferentiation. 


FACTOR CONTROLLING MATURATION OF GONADS MAY 
EXIST IN THE TUNIC OF THE COMPOUND ASCIDIAN, 
POLYCITOR PROLIFERUS. 

Y. Taneda and S. Konno. Dep. of Biol.,Fac. 
of Educat., Yokohama Natl. Univ., Yokohama. 


Maturation of gonads is controlled by 
various factors such as hormone, aging, 
temperature, day length and so on. In the 
colonial organisms, another type of factor 
is possible outside the individuals within 
the colony. We studied the maturation of 
gonads in the compound ascidian, Polycitor 
proliferus. When a colony grows to a 
certain size, it divides into two or more 
small colonies. Thus, small colonies are 
not always young colonies in this species. 
Maturation of gonads is dependent on the 
size of colony regardless of the age. Most 
of the zooids in the large colonies are 
sexually mature in summer. While, most of 
the zooids in the small ones are immature. 
It can be explained by assuming the 


promoting factor in the tunic that 
Maturation of gonads is dependent on the 
size of colony. In the previous work, 
division of colony is also dependent on the 
size of colony. The same factor may 
control both maturation of gonads and 
division of colony. In summer, maturation 


ef gonads occurs in more small colony. 
While, division of colony does not occur to 
more large colony. Therefore, more zooids 
can participate in the sexual reproduction 
in breeding season. 


INVOLVEMENT OF MATERNAL CHOANOCYTE DURING 
EMBRYOGENESIS IN SYCON CALCAR-AVIS, 
CALCAREA, PORIFERA. mr ; 
A.Yamasaki and Y.Watanabe.Dept.of Biology, 
Ochanomizu Univ., Tokyo. 

In a SSeS the embryo became 
inverte during embryonic development. 
We studied relation between maternal 
choanocytes and granular cells of an 
embryo during inversion with an electron 
microscope. 

At the initial stage of inversion,the 
maternal choanocytes adjascent to’ the 
embryo lost their collar and flagellum, 
and adhered to the granular cells of the 
stomoblastula. During this stage, the 
granular cells formed some blebs’ and 
extended filopodia to the choanocytes, 
which indicated active morphogenetic 
movement. These choanocytes and granular 
cells pulled each other, and 
consequently the mass of granular cells 
at opening of stomoblastula projected 
into the choanocyte chamber. 

_These_ choanocytes,at the next stage of 
inversion,migrated along the outer surface 
of flagellated cells of the stomoblastula. 
The choanocytes ulled the granular 
cells along with their movement and the 
embryo started to invert. 

As inversion proceeded the granular 
cells actively extended See eo EE ee 


along the outer surface o he embryo, 
promoting inversion processes. 
After inversion the choanocytes, 


located on the outer surface of the 
amphiblastula, became flattened and 
migrated to the posterior pole of the 
amphiblastula.After that these cells 
became columnar. 


These. observations indicate that 
inversion was initiated by the active 
movement of choanocytes, and later 


promoted by the movement of granular 
cells of the embryo. 


TEMPERATURE CONDITION INITIATING MEDUSA BUD FORM- 
ATION AND THE MODE OF THE APPEARANCE IN A FRESH 
WATER HYDROID,CRASPEDACUSTA SOWERBYI 

K.-L.Kato and S.Hirabayashi, Div. of Nat. Sci. Stu- 
dies, Dept. of Arts and Sci.,Osaka Kyoiku Univ., 
Osaka 


Asexually produced frustule becomes polyp in 4 
few days after the liberation from mother polyp,be- 
coming a colony having plural polyps by means of 
polyp budding. The colonies which have been reared 
at different temperatures (10°,15°,18° and 20°C) 
are transfered to the higher temperature condition 
(25° or 28°C). Except for the cases that 18°- or 
20°C-precultured colonies are transfered to 20°C, 
every colony shows the medusa bud (abbreviated as 
Mb) formation. The results indicate (1) that some 
high temperature level (25° or 28°C) can initiate 
Mb formation and (2) that some range of difference 
between precultured and transfered temperatures may 
bring the polyp more easily to Mb formation. 

During 67 day-culture of 6 colonies which have 
been precultured at 15°C and transfered to 28°C, 
166 Mbs are found at the left(71), right (93) or 
upper side (2) of the polyps. And, the Mbs are 
evenly distributed among the polyps in a colony. 
Their site of appearance in each polyp, however, 
shows some definite difference. Two colonies show 
the more number of Mbs at the left side than at the 
right one and the 4 ones give them vise versa. 
These facts may suggest that the number and site of 
Mb are determined by some regulatory manner in a 
colony but not in each polyp. 

In this report, detailes of both external and 
internal morphology during the Mb formation are 
also given. 
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ULTRASTRUCTURAL STUDIES ON THE SECONDARY 
GILL FORMATION OF THE FRESHWATER EARTH- 
WORM, BRANCHIURA SOWERBYI II. 
M.Shirasawa and N.Makino. Dept. of Biol., 
Tokyo Med. Coll., Tokyo. 


On the resection of the gill segments 
of Branchiura sowerbyi, new gills are 
formed on the operated region by the 
transformation of segments which origina- 
liy lack in gill structures. This phenome- 
non, known as secondary gill formation, 
has been investigated by electronmicro- 
scopy. The first histological change in 
the operated segment was simultaneous re- 
lease of the chloragogen cells from the 
gut wall. Most of these free cells colla- 
pse soon and the cell contnts scattered 
in the body cavity. Continuously the move- 
ment for the extension of the endothelial 
cells of capillaries which are facing the 
body cavity takes place. Next, the activa- 
tion of the epidermal cells follows this. 
Gill rudiments are formed in 24 hours by 
the projection of epidermis which is cau- 
sed by a rapid growth of the activated 
epidermal cells possessing huge nuclei 
and many free-ribosomes. It seems that 
the evocation of the morphogenic activity 
for gill formation is dependent upon the 
action of a substance produced by the 
chloragogen cells of the gut wall, and 
that the activation of the epidermal cells 
is induced by the contact with the endo- 
thelial cells. 


FORMATION OF SECONDARY EMBRYOS BY CHEMICAL 

REAGENTS IN HORSESHOE CRABS. 

T.Itow., S.Tanaka & T.Mochizuk1. Dept.of 

Biol., Fac.of Edu., Shizuoka Univ., Shizuoka. 
A cell-mass (center cells) appears under 

the blastopore of early gastrula in the 


horseshoe crab. The center cells are 
thought to be homologous of the mesodermal 
teloblasts in Annelida embryos. Inter- 


specific graft of center cells has’ been 
performed in Asian horseshoe crabs’ and 
American species. Secondary embryos were 
formed in the egg grafted with the cells. 
The secondary embryos had the characteristics 
of the host species. The center cells be 
regarded as an organizer when grafted. 

The homogenate of the center cells also 


induced secondary embryos. When chemical 
reagents were put into the embryos, some 
reagents induced secondary embryos. Those 
reagents are Fiblobast growth factor, 
Inositol, Inositol triphosphate, 
Diacylglycerols and Calcium ionophore. 
Especially, Calcium 1onophore induced 


secondary embryos at a high rate. 

Inhibitors of calcium channel blocked the 
effect of calcium ionophore. Besides, the 
inhibitors blocked the effect of formation of 
secondary embryos by the homogenate of center 
cells. We thought that the influx of 
calcium ion is closely related with the 
formation of secondary embryos. 


MORPHOGENESIS OF THE DIOPTRIC APPARATUS OF 
THE COMPOUND EYE IN SAMIA CYNTHIA RICINI. 
S. Takahashi and R. Furuta, Biology Dept., 
Nara Women’s Univ., Nara. 


The ommatidium of S. cynthia ricini con- 


Sists of 2 corneagen cells, 4 Semper cells, 
8 retinula cells and 6 secondary pigment 
cells. To investigate morphogenesis of the 
ommatidium, we examined ontogeny of the 
Semper cells during metamorphosis. 

One day before pupal ecdysis, the aggre- 
gate of 4 Semper cells can be identified. 
In apolysial stage, the cells protrude 
processes from the apical surface of the 
placode. At this time, the cells are sur- 
rounded externally by two cells, the cor- 
neagen cells. The Semper cells each begin 
to secrete ’cone’ material in the cyto- 
plasm. The cone is fitted together by the 
four cells and take a shape like a spindle. 
The cytoplasm of these cells is virtually 
replaced by the material. The apical proc- 
esses of the cells turn toward the central 
axis of the ommatidium. The major portion 
of the cell body shifts distally. The proxi 
mal portion elongates to form the crystal- 
line tract by connecting with the distal 
processes of retinula cells. Thus, the diop- 
tric apparatus has components contributed 
by the Semper cells and by the corneagen 
cells. 


THE EFFECT OF HEMOCYTE AND HEMOLYMPH 
LECTIN ON THE PROGRESS OF DEVELOPMENTAL 
PROGRAMMED CELL DEATH OF THE ANTERIOR SILK 
GLAND OF THE SILKWORM, _BOMBYX MORI 

Amanai-, S. Sakurai“ and T. Ohtaki“. 
Div. of Cell Differ., Nati. Inst. for 
Basic Biol., Okazaki, “Department of 
Biology, Faculty of Science, Kanazawa 
Univ. Kanazawa 920 

The anterior silk gland of Bombyx 5th 
instar larvae were cultured in vitro. An 
addition of 20-OHE into the culture medium 
progressed cell death of the anterior silk 
glan, but in this condition, the process 
of cell death stopped incompletely. In 
order to establish an in vitro system that 
mimics programmed cell death of the 
anterior silk gland in vivo, hemocytes 
were need to co-culture with the 
application of 20-OHE. These results 
suggested that phagocytic attack was 
necessary to establish an in vitro system 
that mimics dissociation of the anterior 
silk gland in vitro. And the effects of 
the application of monoclonal antibody 
against Bombyx hemolymph 350 kDa lectin 
which produced by hemocytes were examined 
in this in vitro systen. 
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DIGITONIN INDUCES PUFFING AT DIFERENT LOCI 
DEPENDING ON DEVELOPMENTAL STAGES 
M.Asaoka*,M.Myohara* and M.Okada?, ?’Inst. 
of Biol.Sci.,Univ. of Tsukuba, Ibaraki and 
*Natl.Inst.of Seric.Entomol.Sci., Tsukuba. 
In Drosophila, 0.01% digitonin induces 
puffs (digitonin puffs) at 30 specific loci 
in PS1 (late 3rd instar larvae) salivary 
gland chromosomes, but only at heat shock 
loci in PS10 (early prepupa). In this 
Study, we asked if any other digitonin 
puffs are induced in PS10. We tested for 
the treatment condition and found that 
0.005% was most optimum. Using 0.005% 
digitonin, we first compared for digitonin 
puff loci, between PS1l and PS10. Out of the 
39 loci where digitonin puffs were induced 
in PS1 chromosomes, 20 responded but re- 
maining 19 did not respond in PS10 chromo- 
somes. In PS10, digitonin puffs were in- 
duced at 4 additional loci. Thus we con- 
cluded that there are PS10 specific digito- 
Min puff loci in addition to heat shock 
loci. The second question we asked was if 
digitonin affects on the mechanism for 
transcriptional regulation in the normal 
development. Aiming to answer this ques- 
tion, we observed every digitonin puff in 
chromosomes from PS1 through PS11 to find 
relation between its stage of digitonin 
puff induction and its stage of normal puff 
formation. We found that 7 loci responded 
to digitonin only at a stage immediately 
before normal puff formation at the loci. 
The results suggest that some loci are 
sensitive to digitonin prior to its initia- 
tion of developmentally programmed puffing. 


GENE EXPRESSION IN DIFFERENT ORGANS 
OF DROSOPHILA ENHANCER TRAP LINES. 

E. Machiyama!, A. Komatsu!, Y. Sano2, R. Ueda? 
and D. Yamamoto2. !Dept. Physiol., Tokyo 
Women's Med. Coll., Tokyo, 2Mitsubishi-Kasei Inst. 
Life Sci. Tokyo 


Enhancer trap lines having P element which 
contains a promotor and a /acZ gene were screened 
to examine the gene expression in major 22 organs 
and imaginal discs. The expression of lacZ was 
detected in 3rd instar larvae of 101 fertile lines with 
"X-gal" method, which provides blue precipitate 
within cells containing the gene product, B- 
galactosidase. The average of expression in all these 
organs was 41.3%. The most frequent expression 
was seen in brain and thoracico-abdominal ganglia 
(91% and 75% respectively) and the least in muscles 
and oenocytes (13% and 11% respectively). Most of 
organs showed about the same frequency in both 
male and female. The gene expression in gonad, 
however, showed a difference between male and 
female (80% and 41% respectively). In addition, 
random sampling of genes by this method revealed 
the wide spectrum of gene expression from specific 
for some organs to global among different organs. 


TISSUE COMPARTMENTS IN THE GUT OF 
DROSOPHILA LARVA REVEALED BY THE P-LACZ 
ENHANCER TRAP METHOD 

R.Murakami’ , A.Matsumoto/and T.Tanimura~. 
‘Biol. Inst., Fac. Sci., Yamaguchi Univ., 
Yamaguchi 753, Japan. “Biol. Lab., Kyushu 
Univ., Ropponmatsu, Fukuoka 810, Japan. 


P element vector containing beta- 
galactosidase gene as a reporter gene, the 
P-lacZ, is used to detect tissue-specific 
enhancers in Drosophila (O'Kane & Gehring, 
1987)... When it is inserted close to a 
tissue-specific enhancer, histological 
expression pattern of the enhancer can be 
monitored by histochemical examination of 
the lacZ activity. We examined the lacZ 
expression patterns in the guts of larvae 
of germ-line transformant flies carrying 
Single (occasionally double) copy of P- 
lacZ vector. lacZ expression patterns 
examined indicated that the gut can be 
Subdivided into several compartments 
separated by discrete borders of lacZ 
expression. In most cases, borders of 
lacZ-positive area came to lie on 
histological and anatomical borders, but 
in some cases, they were found within a 
histologically homogeneous tissue. lacZ 
expression patterns in the gut was rather 
simple, suggesting the possibility that 
the genes controlling the regionalization 
of the gut can be found by this method. 


METHODOLOGICAL STUDIES TO ANALYZE 
REPLICONS REORGANIZATION THAT MAY LINK TO A 
PROGRAM OF EMBRYONIC DEVELOPMENT: 
A SYSTEM OF IMAGE ANALYSIS 
S.Tanaka',T.Tsuji’, Y.Kawasaki',T.Ueda',T.Saitoh’, 
S.Matsumoto?,T. Takeda’. ‘Mitsubishi Kasei Inst. of Life 
Sci.,Machida-shi, Tokyo, *Res. Center Mitsubishi Kasei 
Co. , Yokohama-shi, Kanagawa. 

To visualize base sequence specific replicons, cells 
were pulse labeled with 5-bromodeoxyuridine(BrdU)in 
ovo and fixed, then digested with a restriction enzyme, 


such as Sau3Al and Hinfl, and with Exolll 
exonuclease to obtain a single strand DNA. Two kinds 
of replicons within a cell were detected by 
immunocytochemistry using anti BrdU antibody with or 
without conjugation of FITC and 2nd antibody conjugated 
with Texas red(TR). Two images of FITC and TR were 
captured by a cooled CCD camera and stored by a 
Macintosh microcomputer. Using MKSIPS- 
1000(Mitsubishi Kasei), image analysis software 
installed in SUN4, a pair of images were converted to 
binary figures and merged. Following logical processes, 
respective replicon areas were classified into three types 
assigned to Sau3Al, Hinfl or the both. Although most 
replicons included two or three types within them, some 
replicons were recognized as those detected by only 
either Sau3Al or Hinfl. Frequency of Sau3Al unique 
replicons altered dramatically from 1% of total replicons 
at early S through 7.5% at late S in the cell cycle on day 
9.5 of a chick embryo. Present data suggested that kinds 
of replicons as characterized by base sequences 
changed throughout S phase of embryonic cells under 
active morphogenesis. 
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ABSENCE OF 1-METHYLADENINE PRODUCTION IN 
FOLLICLE CELLS OBTAINED FROM STARFISH 
OVARIES IN THE POST-SPAWNING SEASON 

M. Mita. Dept. of Biochem., Teikyo Univ. 
Sch. of Med., Tokyo. 

Follicle cells from the ovaries of 
starfish Asterina pectinifera collected in 
the breeding season and then kept in 
aquarium for three months did not produce 1- 
methyladenine (1-MeAde) in response to 
gonad-stimulating substance (GSS). The 
cyclic AMP (cAMP) content of follicle cells 
of the ovaries was much lower in the post- 
spawning season than in the spawning season. 
In the post-spawning season, the cAMP level 
was increased slightly by GSS, but nor 
insufficiently for production of 1-MeAde. 
Addition of 3-isobutyl-1-methylxanthine 
stimulated the productions of GSS-induced 1- 
MeAde and cyclic AMP. Adenylate cyclase in 
membrane preparations of follicle cells from 
ovaries in the post-spawning season was 
ee by GTP-yS, GppNHp and forskolin. 

experiment on ADP-ribosylation with [a - 
ae AG in the presence of cholera toxin and 
pertussis toxin showed the presence of two 
types (G, and G;) of G-proteins. However, 
GSS has no effect on the adenylate cyclase 
activity regardless of the presence of GTP. 
These findings suggest that GSS does not 
bind to its receptor in follicle cells of 
the ovary in the post-spawning season. 
Thus, the absence of 1-MeAde production by 
follicle cells obtained from ovaries in the 
post-spawning season appears to be due to 
lack of receptor protein for GSS. 


METABOLISM OF 1-METHYLADENINE IN 
GAMATES OF THE STARFISH, Asterina 
pectinifera 
T.|shimaru and H.Shirai. Ushimado 
Marine Laboratory, Univ. of Okayama, 
Okayama. 

After incubation of l-methyladenine 
C1-MA) with oocytes or spermatozoa, 1- 


MA level in incubation media reduced. 
To trace 1-MA metabolites [?H]-labeled 
1-MA was used. Several metabolites 


were detected in incubation super- 
natants or precipitated gamates. 
Reverse phase partition chromatography 
CRPPC) of the incubation supernatants 
showed two peaks of radioactivity Cone 
eluted near void volume and the other 
between that and 1-MA) in the case of 
female, none of them being detected in 
the case of sperm. Supernatants of 
homogenized gamates were also examined; 
two peaks in the oocyte homogenate (Cone 
eluted near void volume and the other 
slightly before 1-MA) and one near void 
volume in the sperm homogenate. The 
four female fractions of the RPPC were 
then gel-filtrated (CAsahipak GS-310). 
Radioactivities in the two fractions 
near void volume in RPPC were eluted at 
the position of salts and radioactiv- 
(tres th the rest sfightly anver tenat. 


INHIBITION AND INDUCTION OF THE OOCYTE MATURATION, 
AND THE SELF-STERILITY OF THE ASCIDIAN, HALOCYNTHIA 
RORETZI, BY TREATMENT WITH THE GONAD EXTRACT. T. 
Numakunai+, and H. Yokosawa*, 1Mar. Biol. St. Fac. 
of Sci., Tohoku Univ., Asamushi, 2Department of 
Biochem., Fac. of Pharmaceutical Sci., Hokkaido 
Univ., Sapporo. 


Halocynthia roretzi (Type C) starts the oocyte ma- 
turation and self-sterility after exposure to light 
following dark adaptation. The egg taken out of the 
gonad into seawater undergoes germinal vesicle 
breakdown (GVBD) spontaneously, and is  self-fer- 
tile. The gonad was taken out of the animals, which 
had been kept under low temperature, and homogeniz-— 
ed in seawater (gonad:seawater=2:1). The homogenate 
was boiled, and centrifuged (25,000g x 30’). The 
supernatant was filtrated through a membrane (Ami- 
con, 50,000 Mr). The filtrated gonad extract (GE) 
inhibited spontaneous GVBD. By treatment with Pro- 
nase the inhibitory activity was lost gradually 
(25°C, lhr). GE treated with trypsin for more than 
Oy (25°C) lost the inhibitory activity, and that 
induced GVBD (Inducer). The treated egg expanded 
the peri-vitelline space as the naturally released 
egg, and was self-sterile. Expansion of the peri- 
vitelline space after fertilization was also ob- 
served. The inductive activity was lost by treat— 
ment with Pronase, and by freezing and thawing. But 
the frozen and thawed inducer regained its activi- 
ty by treatment with trypsin. The egg treated 
with the inducer and leupeptin remained unchanged. 
The role of the inhibitory and inductive substance 
seems to be related to the action of a trypsin-like 
enzyme in the follicle cell on the oocyte matura-— 
tion and self-sterility. 


IONIC REQUIREMENT FOR MEIOSIS RESUMPTION 
IN PELECYPOD OOCYTES 

K. OSanai and R. Deguchi. Marine Biological 
Station, Tohoku Univ., Asamushi, Aomori. 


Artificial induction of meiosis resump- 
tion was examined in oocytes of four pele- 
eypod species, Crassostrea gigas(C), Rudi- 
tapes philippinarum(R), Limaria hakodaten- 
sis (L) and Mytilus edulis (M). Resumption 
from the first prophase (germinal vesicle 
breakdown, GVBD) was induced independent 
of external Ca** with serotonin in C and 
R, and with A23187 and NH,Cl in R and L. 
GVBD induction with monensin and ethanol 
in L were also independent of external 
Ca**, but dependent on external Na*. GVBD- 
inducing activity of these agents was 
blocked by adding sodium acetate. These 
results suggest that the rise of intra- 
cellular pH is important to inducing GVBD. 
Meiotic resumption in first metaphase 
oocytes (polar body formation, PBF) was 
induced with A23187 (C,R,L and M). The 
resumption required external Ca’** in L 
oocytes in which GVBD had been induced 
with A23187, but did not in L oocytes pre- 
treated with NH,Cl. This fact suggests 
that the initiation of PBF requires intra- 
cellular Ca?* increase which may result 
from Ca-influx and/or internal Ca-release. 
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THE DEPENDENCE OF MEIOSIS RESUMPTION UPON 
INTRACELLULAR PH AND CALCIUM IN THE OOCYTES 
OF THE MARINE BIVALVE LIMARIA HAKODATENSIS. 
R. Deguchi and K. Osanai. Mar. Biol. Stn., 
Asamushi, Tohoku Univ., Aomori. 

The oocytes of Limaria hakodatensis 
(Mollusca, Pelecypoda) in the ovary remain 
arrested at prophase-I (PI), whereas the 
spawned oocytes are arrested at metaphase-I 
until fertilization. When the PI-arrested 
eocytes, injected with pH-dependent 
fluorescent probe HPTS (8-hydroxy-1,3,6- 
pyrenetrisulfonate), were exposed to 
NH4Cl-seawater, intracellular pH (pHi) rose 
rapidly and germinal vesicle breakdown 
(GVBD) occurred. In order to induce GVBD, 
PH; above the threshold had to be 
maintained for some minutes. In the MI- 
arrested oocytes injected with fluorescent 
Ca-indicator fura-2, intracellular free 
Ca2+ (Ca2+j) increased transiently after 
fertilization. It was followed by 
repetitive Ca2+j spike oscillation. 
Ionomycin, which also activates MI-arrested 
oocytes, caused not Ca2+j oscillation but 
constant Ca2+; increase. A Ca chelator 
BAPTA-AM inhibited both sperm- and 
ionomycin-induced activations. These data 
indicate that pHi rise is necessary for the 
release from PI, whereas Ca2+j increase is 
responsible for the release from MI. 
Furthermore, The repetitive Ca2+j spike 
oscillation after fertilization was also 
seen in the oocytes of Mytilus edulis and 
Crassostrea gigas, so this phenomenon seems 
to be universal in bivalves. 


IDENTIFICATION OF SEROTONIN AS A LOW MOLEC- 
ULAR-WEIGHT SERUM FACTOR THAT INDUCES IN 
VITRO MATURATION OF THE MEDAKA OOCYTE. 
T.Iwamatsu!,Y.Toya!, T.Oouchi!,T.Aoyama!,J. 
Yoneima!,T.Kondo ,K.Imai3,H.Hattori and S. 
Ikegami>. Ipept. Nat. Sci., Aichi Univ. 
Educ., Kariya, 2ctr.Chem. Measure., Nagoya 
Univ., Nagoya, 2Dept.Bioresour., Mie Univ., 
Mie, 4Ctr. Anal., Instit. Basic Biol., Oka- 
zaki,2Dept. Appl. Biochem., Hiroshima Univ., 
Higashi-hiroshima. 


A low molecular-weight factor that in- 
duces in vitro maturation of intrafollicu- 
lar oocytes of Oryzias latipes was isolated 
and purified from chicken blood by means of 
dialysis, and HP-20 and reversed phase HPLC. 
The serum factor was purified by repeated 
fractionations on HPLC using a solvent with 
a linear gradient trifluoroacetate, with de- 
tection at UV-215nm. The HPLC-purified sub- 
stance which induced in vitro oocyte matur- 
ation was identified as serotonin (5-HT) by 
three different criteria: (1)Characteristic 
HPLC retention time, (2)Comparison of UV- 
spectra and (3)NMR analysis. Serotonin in- 
duced in vitro maturation of intrafollicu- 
lar oocytes at concentrations »45nM but ex- 
erted no effect on defolliculated oocytes. 
Additionally, serotonin stimulated the in 
vitro production of steroids in the medaka 
follicular cells. The data suggest that 
serotonin as a low molecular-weight serum 
factor exerted its action on in vitro matur- 
ation of fish oocytes via steroids produced 
by follicular cells. 


SOLUBILIZATION OF 17a,20B-DIHYDROXY-4-PREGN 
EN-3-ONE-BINDING ACTIVITY FROM PLASMA 
MEMBRANE FRACTION OF TROUT OOCYTES. 
M.Yoshikuni and Y. Nagahama 


Lab. of Reprod. Biol., Natl. Inst. for Basic Biol, Okazaki 
We reported that plasma membrane fractions prepared from 


oocytes of rainbow trout specifically bound [°H]17a,20f- 
DIHYDROXY-4-PREGNEN-3-ONE ((°H]17a,20B-DP). This 

activity has been successfully solubilized from the membrane 
preparations with anionic detergents, sucrose monolaurate and 
n-heptyl-B-D-thioglucoside. Hydroxyapatite was used to 
separate bound from free ligand. In agreement with the previ- 

ous experiment with membrane preparations, binding of 
(°H}17a,20B-DP to solubilized samples was saturated within 
one hour, and competitively inhibited with an excess amount 
of non-radioactive 17a,20B-DP. Unexpectedly, estradiol-17B 

also inhibited the binding. 

We also identified and purified a specific binding protein for 
17a,20B-DP (DBP) in trout blood plasma. Purified DBP 
showed a strong affinity (Kd=8nM) to 17a,20B-DP with an 
apparent molecular size of 110 kDa on native-PAGE and 50 
and 55 KDa on SDS-PAGE. Preincubation of oocyte plasma 
membrane preparations with flesh DBP enhanced 17a,20B-DP 
binding to the membrane preparations. After DBP was stored 
for 3 days at 4°C, its enhancing activity was lost without 
losing its 17a,20B-DP binding activity. EDTA inhibited the 
enhancing activity of DBP. DBP may play a role in enhancing 
17a,20B-DP binding to oocyte plasma membranes. 


RELOCATION OF MPF:CDC2/CYCLIN B DURING 
MEIOSIS REINITIATION IN STARFISH OOCYTES. 
K.Ookata, S.Hisanaga, T.Okano, E.Okumura 
and T.Kishimoto. Lab. Cell and Develop. 
Biol., Tokyo Inst. Technol., Yokohama 227 
Using indirect immunofluorescence 
staining with anti-starfish cyclin B 
antibody, we found that inactive MPF is 
exclusively present throughout the 
cytoplasm but not in the germinal vesicle 
of immature starfish oocytes. After its 
activation, a part of MPF moved into the 
germinal vesicle just before the onset of 
its breakdown and accumulated into 
nucleolus and condensing chromosomes. 
Other part of MPF accumulated into meiotic 
asters and spindle, while the rest still 
distributed throughout the cytoplasm. 
These observations imply the occurrence of 
several distinct subcellular localization 
of MPF. To study further the interaction 
of MPF with microtubules, sucl-affinity 
purified starfish MPF was incubated with 
purified porcine brain microtubules, or 
microtubules were prepared from maturing 
starfish oocytes with the aid of Taxol. 
Western blots of microtubule precipitates 
probed with anti-cyclin B and anti-PSTAIR 
antibodies revealed that MPF associates 
directly with microtubules. Addition of 
ATP to MPF-associated microtubules caused 
the phosphorylation of several microtubule 
proteins, suggesting that MPF 
phosphorylates microtubule proteins to 
affect the instability of microtubules. 
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ISOLATION AND CHARACTERIZATION OF 51-KD 
ASTER FORMING PROTEIN FROM STARFISH OO- 
CYTES. 
We Kudo!, M. Toriyama“, K._Oh as, wile 
Kishimoto~ and S. Hisanaga’~. ~Lab. of Cell 
and Dev. Biol., Fac. of Biosci., Tokyo 
Insti. of Tech., Yokohama, “Fac. of, Liber- 
al Arts, Shizuoka Univ., Shizuoka, ~Dept. 
of Biophys. and Biochem., Fac. of Sci., 
The Univ. of Tokyo, Tokyo. 

51-kD protein (p51) was isolated from 
starfish oocytes according to the method 
used for sea urchin egg p51, a component 
of microtubule-organizing granules in the 
mitotic apparatus. Starfish p51 showed 
Similar properties to sea urchin egg p5l. 
Starfish p51 was precipitated ina low 
salt solution and solubilized in O.5M KCl, 
and reacted with monoclonal antibodies 
directed to sea urchin egg p51. Starfish 
p51 had an ability to form asters in vitro 
by incubation with porcine brain tubulin. 
Immunofluorescent staining revealed the 
localization of p51 at foci of cortical 
microtubules in immature oocytes and in 
the meiotic and mitotic spindles. p51, 
which could not form asters in vitro, was 
prepared from the low salt soluble frac- 
tion. Although the soluble p51 showed a 
similar peptide map to the precipitated 
p51, the soluble p51 fraction contained 
42-kD protein phosphorylated by cdc2 
kinase while the precipitated p51 fraction 
did not. Phosphorylation of 42-kD protein 
might regulate the aster forming ability 
of p51 during mitotic cycle. 


CHANGES OF CDC2 KINASE AND CYCLIN B 
DURING OOCYTE MATURATION IN FISH. 

M. Yamashita, T. Hirai” and Y. Nagahama. 

Lab. of Reprod. Biol., Natl. Inst. for Basic Biology, 
Okazaki and “Dept. of Biosci., Nishi-Tokyo Univ., 
Yamanashi. 


We examined changes of protein levels of cdc2 
kinase and cyclin B during goldfish oocyte maturation 
induced in vitro by 17a,20B-dihydroxy-4-pregnen-3- 
one (17a,20B-DP), by using monoclonal antibodies 
against the PSTAIR sequence of cdc2 kinase and E. 
coli-produced goldfish cyclin B. cdc2 kinase was 
found in immature oocyte extracts and did not show 
any remarkable changes during oocyte maturation. 
Unlike cdc2 kinase, cyclin B was absent in immature 
oocyte extracts and began to be synthesized when 
oocytes underwent germinal vesicle breakdown. The 
synthesized cyclin B formed a complex with a preex- 
isting cdc2 kinase, yielding an active MPF. Addition 
of E. coli-produced cyclin B into immature oocyte 
extracts induced MPF activation, which was associated 
with threonine phosphorylation of cdc2 kinase, as 
found in oocytes matured by 17a,208-DP. Cyclin B- 
induced MPF activation was not induced by inhibiting 
threonine phosphorylation of cdc2 kinase. These re- 
sults suggest that 17a,208-DP induces immature 
oocytes to synthesize cyclin B, which in turn activates 
cdc2 kinase by inducing threonine phosphorylation of 
cdc2 kinase. 


INVOLVEMENT OF PROTEASOME IN OOCYTE 
MATURATION OF GOLDFISH (Carassius auratus) 
T.Tokumoto, M.Takahashi, M. Yamashita, K.Ishikawa, 
Y.Nagahama Lab. of Reprod. Biol., Natl. Inst. for Basic 
Biol., Okazaki*Dept. of Biol., Fac. of Sci., Univ. of Shizuoka, 
Shizuoka 

Proteasome activity was measured in oocytes from goldfish 
during 17a,20f-dihydroxy-4-pregnen-3-one (17a,208-DP)- 
induced meiotic maturation. Enzyme assays were performed 
using a fluorogenic substrate (Suc-Leu-Leu-Val-Tyr-MCA) 
specific for proteasome. Oocyte proteasome activity 
fluctuated over the meiotic cycle with two peaks, one 
immediately prior to the migration of germinal vesiclep(GVM) 
and the other just after the completion of germinal vasicle 
breakdown(GVBD);between these two peaks proteasome 
activity significantly decreased occuring before GVBD. 
Diisopropyl fluorophosphate(DFP), a serine protease inhibitor, 
prevented oocyte maturation. Experiments with one hour- 
pulse application of DFP revealed the existence of two DFP 
sensitive periods during 17a,20B-DP-induced oocyte 
maturation in goldfish. Oocytes treated with DFP during the 
first peak of proteasome activity did not undergo GVM. 
When oocytes with low proteasome activity were treated with 
DFP prior to GVBD, GVM was completed,but without 
GVBD. Using four chromatography columns, proteasome 
was purified from goldfish ovaries. Purified goldfish 
proteasome showed a single band on Native-PAGE and 8-9 
bands on SDS-PAGE, indicating that goldfish proteasome is a 
multisubunit complex. 


DISTRIBUTION OF PROTEASOME ANTIGEN IN 
EGGS DURING ASCIDIAN MEIOTIC DIVISION. 
H. Kawahara and H. Yokosawa. Dept. of 
Biochem., Fac. of Pharmaceutical Sci., 
Hokkaido Univ., Sapporo. 


Proteasome (multicatalytic proteinase) 
is a high-molecular weight protein complex 
composed of several components and shows 
several different protease activities. 

We have previously reported that the 
proteasome undergoes a cell cycle- 
dependent change of its localization 
during cleavage cycle of fertilized eggs 
of the ascidian, Halocynthia roretzi. 

In this study, we analyzed the 
distribution of proteasome during meiotic 
division cycle of H. roretzi eggs 
activated by the addition of calcium 
ionophore, A23187, immunocytochemically 
using monoclonal antibody raised against 
egg proteasome. The proteasome antigen 
appeared accumulated in the condensed 
chromosomes in the unfertilized eggs 
arrested at metaphase of the first meiotic 
division, and remained associated with the 
dividing chromosomes in the activated eggs 
during the anaphase. On the other hand, 
it was undetectable in the chromosomal 
region during polar hody formation, hut 
again detectable in the chromosomal region 
during the second meiotic division. These 
results suggest that the proteasome plays 
an essential role in the progression of 
meiotic division, especially from 
metaphase to anaphase. 
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THE CONTENT OF GERMINAL VESICLE IN_ FROG 
OOCYTES INHIBITS AN ACTIVATION OF MPF. 
Sadakane, Y. and Iwao, Y. 

Biol. Inst., Fac. Sci., Yamaguchi Univ., 
Yamaguchi, Japan 


Amphibian oocytes have been arrested at 
prophase I during oogenesis. To understand 
the mechanism of the arrest at the 
specific stage of cell cycle, we have 
investigated whether the factor that 
inhibits progress of the cell cycle exists 
in the frog, Rana rugosa, oocytes, 
especially germinal vesicles (GVs). 
Injection of GV-content into fertilized 
Cynops eggs prevented them from cleaving 
Dp ..t0..12hr after fertilization when 
uninjected eggs reached at 16-cell stage. 
Nuclear division in zygote nuclei was 
stopped at prophase (G2-like stage), and 
rising of MPF activity was not detected. 
Furthermore, re-injection of MPF-fraction 
into the arrested eggs was able to resume 
the cleavage. The factor was heat-stable 
(59°C, 10 min ,and was not sensitive to 
Ca and Mg . The ultrafiltration 
indicate that MW of the factor is’ more 
than 10°. When the GV-content had _ been 
injected into the full-grown Bufo oocytes, 
GV break down was not induced by 
progesterone, but that was induced by MPF- 
injection. These results suggest that the 
GV has the factor that inhibits an 
activation of MPF, which might ensure the 
prophase-arrest in growing frog oocytes. 


CHROMOSOME CONDENSATION WITHOUT 
PROTEIN SYNTHESIS IN UNFERTILIZED SEA 
URCHIN EGGS INDUCED BY CALYCULIN A. 

H. Tosuji!, I. Mabuchi? and T. Nakazawa>. 

1Dept. of Biol., Fac. of Sci., Kagoshima Univ., Kagoshima, 
2Dept. of Biol., Coll. of Arts & Sci., Univ. of Tokyo, Tokyo 
and 3Dept. of Biol., Fac. of Sci., Toho Univ., Funabashi. 


It has been considered that two proteins, cdc2 kinase and 
cyclin B, form a complex and regulate the cell cycle in 
eukaryotic cells as the M-phase promoting factor (MPF). 
While the former protein exists throughout the cell cycle, 
cyclin B accumulates during the interphase up to metaphase 
and then disappears abruptly at the end of metaphase in each 
cell cycle. Calyculin A is known to inhibit activities of protein 
phosphatase type-1 and -2A. Condensation of chromosomes 
was observed in unfertilized sea urchin eggs when they were 
incubated with calyculin A. An increase in histone Hj) kinase 
activity was observed in extracts from these eggs. No protein 
synthesis was detected in these eggs during the calyculin A 
treatment. Moreover, these phenomena were observed in the 
presence of emetine, an inhibitor for protein synthesis. These 
results suggest that MPF is activated by the calyculin A 
treatment without protein synthesis. However, it has been 
reported that the unfertilized sea urchin eggs have no pool of 
cyclin B. Therefore, the calyculin A activation of cdc2 kinase 
could have occurred independently of cyclin B. 


THE ROLE OF EGG-—NUCLEUS ON CELL CYCLE AND 
BEHAVIOR OF SPERM NUCLEI IN THE PHYSIO- 
LOGICALLY POLYSPERMIC NEWT EGGS. 

Yasuhiro Iwao and Yuki MyOtoishi 

Inst. Biol., Fac. Sci., Yamaguchi Univ., 
Yamaguchi 


It has been demonstrated that the 
removal of egg-nucleus in the fertilized 
newt egg induces rescue of accessory sperm 
nuclei. To determine whether maturation 
promoting factor (MPF) involves in this 
process, we investigated that the cycle of 
MPF activity as well as the behavior of 
sperm nuclei in the eggs whose egg-nuclei 
at MII had been removed with a _ micropipet 
or UV-irradiation at MII _ just after 
fertilization. The MPF activity had been 
maintained for longer period than that in 
normal eggs, so that’ the onset of 
multipolar cleavage by the undegenerating 
accessory sperm nuclei was delayed for 
2 hr. Most of the sperm nuclei in the 
animal hemisphere entered M-phase 
completely, but the rest in the vegetal 
one degenerated. These results support our 
hypothesis that the high activity of MPF 
around the zygote nucleus’ ensure to 
complete the mitosis, and the accessory 
sperm exposed by lower MPF activity can 
not complete it. The delay of cell cycle 
in the UV-irradiated eggs indicated that 
the egg nucleus has predominant activity 
for both entering and completing M-phase 
which might be controlled by molecules 
concerning S-G)(M) transition, such as CDC 
25 or RAD1. 


INDUCTION OF NUCLEAR DECONDENSATION OF AND 

PROTAMINE REMOVAL FROM HUMAN SPERM BY 

NUCLEOPLASMIN. 

T. Itoht, kK. Ohsumi*, and Ch. Katagiril. 
ZOOL ENS Ge, rac. ~SCuw..,~> Hokkaido” Univ; 

Sapporo, Lab. Cell and Dev. Biol., Tokyo 
Inst. Technol., Tokyo. 


Previous studies showed that the 
lysolecithin (LC)-dithiothreitol (DTT)- 
treated human sperm nuclei undergo 
decondensation and develop into pronuclei 
when incubated in the egg extracts from 
Xenopus laevis or Bufo japonicus. Starting 
with 150kxg supernatants from Bufo egg 
extracts, the activity inducing decondensa- 
tion of LC-DTT-treated human sperm was 
fractionated as 0.4-0.5 M KCl eluants by 
anion-exchange chromatography on Q-Sepha- 
rose, followed by gel-filtration on Super- 
ose 12 as a broad peak at 200-400 kDa. 
When LC-DTT-treated sperm were incubated in 
this 200-400 kDa fraction, the resulting 
supernatant was found to contain protamines 
on acetic acid/urea/Triton X-100 (AUT)- 
PAGE. Because of the similarity in proper- 
ties of this fraction with those of nucleo- 
plasmin, we incubated LC-DTT-treated human 
sperm nuclei with nucleoplasmin that was 
prepared according to the protocol by Sealy 
et al. (1986) for Xenopus. It resulted 
that both decondensation of and protamine 
removal from human sperm nuclei were in- 
duced by nucleoplasmin from Bufo eggs. 
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EFFECTS OF PHOSPHORYLATION ON THE REMOVAL 
OF SPERM-SPECIFIC BASIC PROTEINS (SP) FROM 
XENOPUS SPERM NUCLEI. BY NUCLEOPLASMIN. 
K.Ohsumi~, A.Shimada~, E.Okumura:, 
T.Kishimoto! and Ch.Katagiri~. lLab. Cell 
and Develop. Biol., Tokyo Inst. Technol., 
Yokohama, “Zool. Inst., Fac. of Sci., 
Hokkaido Univ., Sapporo. 


In the egg cytoplasm, nucleoplasmin 
removes all six species of SPs from 
Xenopus sperm nuclei by binding to these 
basic proteins. Effects on the SP-removal 
of massive phosphorylation of 
nucleoplasmin which occurs during the 
oocyte maturation was investigated by 
comparing this protein isolated from 
Ovarian oocytes and mature eggs. We found 
that egg nucleoplasmin showed a mobility 
distinctly slower than that of oocyte 
nucleoplasmin on native-PAGE, reflecting 
the higher extent of phosphorylation of 
the former. Quantitative analyses of the 
amount of SPs displaced by definite doses 
of each nucleoplasmin showed that 20 pg of 
egg nucleoplasmin removed SPs from 1x10 
sperm nuclei, while the same dose of the 
oocyte protein did a half amount. When 
egg nucleoplasmin was treated with 
alkaline phosphatase and repurified, it 
showed a electrophoretic mobility and SP- 
removing capacity similar to that of 
oocyte nucleoplasmin. These results 
indicate that the phosphorylation of 
nucleoplasmin facilitates its SP-removing 
from sperm nuclei. 


ASYNCHRONY OF CLEAVAGE CYCLE IN THE 
TUBIFEX EMBRYO 

Teyshaimaazu, Zool, Lnisite,, sla. Oreo, 
Hokkaido University, Sapporo 060 


A two-cell embryo of Tubifex consists 
of smaller AB cell and larger CD cell. At 
the second cleavage, AB cell divides 45 
min Later thant)! celiin(at ZO2C) hee rol ize 
insight into the mechanism for generation 
of this asynchrony, I have examined 
changes in chromatin organization and 
formation of mitotic apparatus. Chromatin 
condensation in CD cell starts at 120 min 
after the first cleavage. It is completed 
within 15 min; at the same time the 
nuclear envelope breaks down. Chromatin 
in AB cell condenses on the same time 
schedule as in CD cell, except that AB 
cell always starts chromatin condensation 
5 min later than CD cell. Prometaphase in 
AB cell lasts 50-60 min, whereas that in 
CD cell lasts 15 min. However, both AB 
and CD cell stay in metaphase and anaphase 
for 20 and 30 min, respectively. This 
result suggests that the asynchrony in the 
second cleavage is mostly ascribed to 
different duration of prometaphase between 
AB and CD cell. Immunocytochemistry with 
anti-tubulin has shown that asters are 
involved in spindle formation in CD cell 
but not in AB cell. The spindle in AB 
cell is of barrel-shape, and appears to be 
formed through reorganization of 
microtubules polymerized during early 
prometaphase. 


ASYMMETRY OF THE MEIOTIC SPINDLE IN THE 
STARFISH OOCYTE. 

S. Komori, M. T. Oka and Y. Hamaguchi. Biol. Lab., 
Fac. Sci., Tokyo Institute of Technology, Tokyo. 


During meiosis, the mitotic apparatus in the oocyte of 
the starfish, Asterina pectinifera was examined by 
indirect immunofluorescence using two monoclonal 
antibodies against tubulin. The apparatus attached to the 
cell surface by metaphase and then its spindle became 
asymmetric as well as the asters: the outer half-spindle 
fluoresced more intensely than the inner half-spindle in 
both cases of the first and the second meiotic divisions 
and the former became longer by ca. 10 % than the 
latter. When the meiotic apparatus was isolated with a 
microtubule stabilizing solution, the outer half-spindle, 
which was identified by the asymmetric morphology of 
its aster, also fluoresced more intensely than the inner 
half-spindle. Moreover, by polarization microscopy, the 
birefringence of the outer half-spindle in the living 
oocyte became greater than that of the inner one after the 
mitotic apparatus attached to the cell surface. On the 
other hand, the meiotic apparatus in the centrifuged 
oocyte, which did not form the polar body, did not attach 
to the cell surface and was symmetry at metaphase or 
later. These results suggested that microtubule assembly 
in the outer half-spindle of the meiotic apparatus attached 
to the cell surface is greater than that in the inner one. 


MICROTUBULAR STRUCTURE ORGANIZED BY THE 
FIRST POLAR BODY TRANSPLANTED INTO 
STARFISH OOCYTES AND EGGS. 

fT. Saiki and Y. Hamagucha. )) Biolesraber 
Fac. of Sei., Tekyo! Inst. of stechnomer 
Tokyo. 

We transplanted the first polar body 
(PB) into the oocyte or zygote of the 
starfish, A. pecnitifera in order to 
investigate whether or not PB organized 
microtubular structures in the recipient 
cell at maturation division and cleavage, 
because it contained the centrosome and 
chromosomes as a result of maturation 
division. The results were as follows; 1. 
PB transplanted into the oocyte formed one 
or two asters during maturation division 
and sometimes organized multipolar meiotic 
apparatus. However, these additional 
asters did not perturb polar body 
formation or subsequent cleavage. 2. PB 
transplanted into the zygote always 
induced one additional aster, which caused 
to generate an additional blastomere at 
the first cleavage. When these results 
were compared with the results obtained 
last year (Zool e Seal iis O99 manson a 
that a centrosome at the first cleavage 
transplanted into the oocyte did not 
organize any microtubular structure during 
maturation, although it organized an 
additional aster during the first cleavage 
in the zygote, the centrosome itself 
during maturation as well as the cytoplasm 
was thought to be considerably different 
from those during cleavage. 
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CHROMOSOME MOVEMENT IN THE SAND DOLLAR EGG 
TREATED WITH HEXYLENE GLYCOL. 

M.T.Oka and Y.Hamaguchi. Biol. Lab., Fac. 
Sci., Tokyo Institute of Technology, Tokyo. 
Effects of a microtubule stabilizing 

drug, hexylene glycol (HG) on chromosome 
movement, spindle elongation, and 
microtubular structures in the mitotic 
apparatus were examined in the eggs of the 
sand dollar, Clypeaster japonicus. In the 
eggs treated just before nuclear 
disappearance with 0-3% HG, the spindle 
became larger by metaphase than that in 
normal eggs, in a concentration-dependent 
manner. Both extent and rate of chromosome 
movement became smaller than those in 
control eggs, and both extent and rate of 
spindle elongation became smaller during 
anaphase as well. These results suggested 
that depolymerization rate of kinetochore 
microtubules and polymerization one of 
interzonal microtubules became small when 
HG concentration increased, and that the 
depolymerized length of kinetochore 
microtubules and the polymerized one of 
interzonal microtubules during anaphase 
became short as well. Two furrows but not 
one furrow developed perpendicular to the 
axis of the spindle at higher concentration 
of HG and the egg cleaved into more than 
two fragments. In the eggs treated with 4% 
HG, the mitotic apparatus became smaller 
than that in control eggs, whereas many 
cytasters were formed in the cytoplasm. 
Chromosomes neither moved, nor the furrow 
Geveloped at all. 


STABILIZATION OF THE MITOTIC APPARATUS OF 
SEA URCHIN EGGS IN THE SEA WATER CONTAINING 
SODIUM ACETATE WHOSE PH WAS LOWERED. 

K. Watanabe and Y. Hamaguchi. Biol. Lab., 
Fac. of Sci., Tokyo Inst. of Tech., Tokyo. 
The change in the mitotic apparatus of 
sea urchin eggs was investigated during the 
first cleavage, when the eggs were treated 
Just before nuclear envelope breakdown with 

Ca**-free sea water containing 10-20 mM 
sodium acetate (AcSW) whose pH was adjusted 
from 6.2 to 7.3, or that containing 10-20 
mM ammonium chloride (NH,SW) whose pH was 
adjusted from 7.3 to 8.0. Intracellular pH 
of the egg cytoplasm tended to change and 
to be clamped at the pH of the medium where 
the eggs were cultured because acetic acid 
or ammonia molecules freely penetrated into 
the cytoplasm and hydrolyzed. When the 
eggs were treated with AcSW at pH 6.2 or 
NH,SW at pH 7.7 or 8.0, the spindle reduced 
in size, whereas the spindle of the eggs in 
AcSW or NH,SW at pH 7.3 did not change when 
compared with that of control eggs. The 
pole to pole distance of the spindle in the 
case of Clypeaster japonicus became longer 
at pH 6.8 or 7.0 and reached a maximum 
value at pH 6.8. The period of metaphase 
in the eggs treated with AcSW at pH 6.8 or 
7.0 was extended. Especially in 
Hemicentrotus pulcherrimus eggs, the 
spindle did not enter anaphase but remained 
at metaphase more than 30 min, although it 
became rather small, whereas the asters 
increased in number from two to three or 
four with time. 


EFFECT OF SODIUM BUTYRATE ON THE DNA 
SYNTHESIS OF THE CLEAVAGE STAGE EGG OF SEA 
URCHIN, Strongylocentrotus nudus. K. Asami 
and N. Sawada. Dept. Biol. and Dept. 
Pathol., Sapporo Med. Col. Sapporo 060. 

Sodium butyrate(BUT), an inhibitor of 
histone deacetyrase, inhibits phosphoryla- 
tion of histones and DNA synthesis. The 
cell cycle is arrested at Gl phase. But, 
mechanism of its inhhibition is still not 
known. Since the cleavage stage of embryos 
lacks the Gi phase, effects of BUT on sea 
urchin egqs was compared with that on 
hepatocytes. DNA synthesis of the isolated 
hepatocytes was inhibited with 1 mM BUT. 
Contact of the cells with BUT during Gl 
Phase caused inhibition of subsequent DNA 
synthesis. However, when sea urchin 
embryos were cultured in BUT-containing 
medium, i mM BUT did not inhibit DNA 
synthesis at the cleavage stage. Since BUT 
inhibited fertilization at 5 mM, BUT was 
added at 10 min after insemination. Both 
DNA synthesis and increase in the cell 
number were inhibited a little with 10 mM 
BUT. DNA synthesis was inhibited with 30 
mM BUT tO know “che? cole or  nustone 
phosphorylation on the DNA synthesis, the 
embryos were cultured in 32Pi from i-celil 
to ~4-") ceil!’ stage, and “histones were 
extracted and resolved with deteragent 
PAGE. The incorporation was not arfected 
by BUT treatment (30 mM). Thus, inhibition 
of DNA synthesis by BUT in the cleavage 
stage embryos did not seem to be related 
to phosphorylation of histones. 


LACK OF 78-kDa PROTEIN IN MATERNAL-EFFECT 
MUTANT (af) EMBRYOS WITH ABNORMAL CLEAVAGE 
FURROW FORMATION IN XENOPUS. 

M.Asada-Kubota!, K.Itoh? and H.Y.Kubota®. 
lKansai Med. Univ., Moriguchi, *Furusawa 
Morphogene Project, Tsukuba, and Dept. of 
ZO001-, wac, OF scl? , KyOtO Univ., Kyoto. 


Mutant females of Xenopus /Jaevis were 
obtained by the back-cross of a female with 
one of her sons. All the fertilized eggs laid 
by the mutant females, regardless of the wild- 
type males used in the mating, failed to cleave 
although each furrow ran at a proper position 
superficially. Histological observations of 
the embryos revealed that the cleavage furrows 
stayed on the surface and cytoplasmic divisions 
did not take place at all, while nuclear divi- 
sions did. Microinjection of clear cytoplasm 
from a wild-type egg into fertilized af eggs 
provoked partial contraction of the cleavage 
furrow in recipient af eggs. Two-dimensional 
gel-electrophoretic comparisons of af and 
wild-type embryos demonstrated that a 78-kDa 
(pi 7.6) protein was missing in af embryos. 
These results show that the af females carry 
a lethal maternal-effect mutation which causes 
cleavage furrow regression by being deficient 
in a few proteins, and that cytoplasm of wild- 
type eggs can partially rescue the cleavage 
furrow formation of af eggs by furnishing the 
corrective material, presumably a product of 
the normal allele of af. As the mutant females 
were normal except their eggs, the af gene may 
function only in oocytes and embryos. 
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FURROW-RELATED CONTRACTIONS ARE INHIBITED 
BUT FURROW-UNRELATED CONTRACTIONS ARE NOT 
AFFECTED IN af MUTANT EGGS OF XENOPUS 
LAEVIS. 

H.Y.Kubota! and M.Asada—-Kubotaé~: 
1Dpept. of Zool.;, Fac. of Sei. Kyoto Univ. , 
Kyoto and Kansai Med. Univ., Moriguchi. 


A maternal-effect mutation af inhibits 
contraction of the cleavage furrows although 
it does not affect nuclear divisions (3E1545). 
To gain insights into the roles of the normal 
product of af on early development, contrac-— 
tile events which have been observed in the 
period from fertilization until first cleavage 
in wild-type eggs were examined in af mutant 
eggs. Activation waves, activation contraction, 
and surface contraction waves which were iden- 
tical to those in wild-type eggs were observed 
in af eggs by time-lapse video recording. 
However, light and electron microscopic obser- 
vations showed that second polar body elimi-— 
nation was inhibited in af eggs, although a 
sign of the polar body formation was indicated 
by a cytoplasmic bulge. These results indicate 
that the normal product of af regulates furrow— 
related contractile events which involve forma- 
mation of the contractile ring, but exerts no 
effects on furrow-unrelated contractions in 
early Xenopus eggs. Thus af mutation will be 
a useful tool for investigating the moleclar 
mechanism of furrow-related contractions. 


THE EFFECT OF NaF ON MOUSE 2-CELL EMBRYO 
DEVELOPMENT IN VITRO. 


isola, koe? , S2Opertinaca?, iio Wamsaiga® 
and M.Nakamura’”.'Dept. of Biol., Sch. of 
Educ., Waseda Univ ., Tokyo, *Dept.Obst. 
and Gyn. ; Sch of Med: 7 Univ. of Teikyo, 
Tokyo. 

When mouse embryos are cultured in 
Wabiic®) , - iS)oK=} development stops at 2-cell 
stage (2-cell block). NaF was shown to 


cancel the 2-cell block. In this study, 
the effect Of Naka son) sitive Sagilsy.ciomayscHic 
pathway of mouse embryo was examined.When 
Ma "El GLMeose Cie {1-'!*c] pyruvate was 
given to mouse DoIcesa: embryos , !4CO, 
release from the embryos was not changed 
by addition of 2.5mM NaF . However , when 
eine “COs release from [6-!*C] glucose 
declined by approximately 25% in the 
presence of 2.5mM NaF.In addition,lactate 
production was also decreased by approxi- 
mately 50% . There results indicate that 
NaF releases at least Partially the 2- 
cell block iby, anhabrcang the glycolytic 
pathway in mouse embryos. 


SURFACE CHANGES AT HAMSTER EGG FROM THE 
GERMINAL VESICLE BREAKDOWN TO 2 CELL STAGE. 
Y. Hirao and H. Yamasaki. Dept. of Biology, 
Wakayama Medical College, Wakayama. 

Freshly ovulated hamster eggs have a 
circular area composed of a cluster of 
cytoplasmic projections. There are some 
questions when and how this morphological 
change is established in the egg cortex 
during the meiotic maturation. Using 
Rhodamine-phalloidin and Hoechst 33342, we 
examined the distribution of F-actin in the 
egg cortex and the activity of the egg 
nucleus, and also changes of egg surface 
during maturation and fertilization. 

When the meiotic maturation progress 
to the ist meiotic metaphase, the overlying 
surface was distinguished by an absence of 
microvilli and a thickened layer actin. 
From this region the 1st polar body was 
extruded, and then the egg surface at the 
point which it was extruded showed a 
cluster of cytoplasmic projections. When 
the head of sperm penetrated completely 
into the ooplasm, an incorporation cone 
with relatively sparse microvilli, but 
exhibited strong fluorescence was formed 
in the cortex overlying the swollen sperm 
head. Immediately, the extrusion of the 
2nd polar body commenced at the same 
region which the ist polar body emerged. 
The cone disappeared about the long tail 
began to incorporated into the ooplasm. 
After the extrusion of the 2nd polar body, 
the egg surface was covered with uniformed 
microvilli, and the cortical fluorescence 
was evenly distributed. 


IDENTIFICATION OF NESTIN-RELATED POLYPEPTIDES 
IN THE DEVELOPMENT OF THE MOUSE CENTRAL 
NERVOUS SYSTEM 

H. Kitani !, N.Jing2, R.A.Shiurba3, T.Sakakura3 and 

Y. Tomooka? 

INational Institute of Animal Health, Tsukuba, 2Shanghai 


Institute of Biochemistry, Shanghai, China 3RIKEN, Life 
Science Center, Tsukuba 


Nestin is a newly recognized intermediate filament protein 
found in stem cells of the central nervous system. Two 
synthetic peptides, corresponding to separate C-terminal 
regions of rat nestin were synthesized and anti-peptide antisera 
were produced in rabbits. These antisera, designated as anti- 
Nes-1 and anti-Nes-2, were characterized by ELISAs, Western 
blots and immunohistochemistry. ELISAs detected no 
significant cross-reactions with other intermediate filament 
proteins. Western blots showed that both antibodies identified 
a polypeptide with molecular weight 240 kD, identical to that 
of rat nestin, in fetal mouse neural tube. Unexpectedly, anti- 
Nes-2 recognized additional lower molecular weight bands that 
may represent nestin-related polypeptides formed during brain 
development. In transverse sections of the embryonic neural 
tube at day 10-12, anti-Nes-1 immunostained distal processes 
of radially oriented neuroepithelial cells. By contrast, anti-Nes- 
2 recognized epitopes in cell bodies as well as the processes of 
these cells, and it also reacted similarly with cell bodies and 
neurites of young neurons as well as neuronal fibers in the 
marginal layer. Double-staining showed a close relationship 
between the expression of Nes-1 and BrdU-incorporation in 
spinal cord cells at day 12. These anti-peptide antibodies may 
provide new tools for studies of the functional role of nestin in 
neural cell proliferation and differentiation. 


Developmental Biology 1117 


Polysialylation of NCAM in newly generated 
granule cells of the adult hippocampal 
dentate gyrus. T.Seki and Y.Arai. Dep. of 


Anat., Juntendo Univ. Sch. of Med., Tokyo. 


The neural cell adhesion molecule (NCAM) 
is converted from highly polysialylated 
form (NCAM-H) to less polysialylated form 
(NCAM-L) during neural development. we 
have examined the expression of NCAM-H and 
NCAM-L in the adult rat dentate gyrus 
where the granule cells of the deepest 
part of granular layer continue to be 
generated during the adult period. For 
immunohistochemical staining, we used two 
antibodies: MAb AFll to recognize the 
peptide portion of NCAMs, and MAb 12E3 to 
react with the polysialic acid portion of 
NCAM-H. NCAM (staining with MAb AF11) was 
found in the entire hippocampal formation; 
particularly strong in the inner third of 
the dentate molecular layer and the 
stratum lucidum of the CA3 region, or the 
terminal zone of the mossy fibers. On the 
other hand, the expression of NCAM-H 
(staining with MAb 12E3) was confined to a 
number of the granule cells in the deepest 
part of the granular layer and the mossy 
fibers. Further experiment revealed that 
newly generated granule cells, labeled 
with BrdU, expressed NCAM-H. These results 
suggest that the polysialylation of NCAM 
rather than the expression of NCAM has an 
important role in the neurogenesis of the 
granule cells of the adult dentate gyrus 
which may be involved in the hippocampal 
plasticity. 


CHONDROITIN SULFATE PROTEOGLYCANS IN THE 
BRAIN OF POSTNATAL RATS. 
M. NISHIZUKA’, Y. ARAI!, N. MAEDA“, AND 
A. OOHIRA“, lpept. of Anat., Juntendo 
Univ. Sch. of Med., Tokyo and Dept. of 
Embryol., Inst. for Dev. Res., Kasugai. 
Six chondroitin sulfate proteoglycans 
(CSPGs) soluble in PBS, of which core 
proteins were different in molecular 
weight, were present in the brain of 
postnatal rats. The composition of the 
core proteins of these CSPGs changed with 
development of the brain. For example, a 
150 kDa core protein that was the minor 
component in neonatal period was the major 
in the aduit brain. By contrast, a 9220 
kDa core protein that was predominant in 
neonatal period almost disappeared by 30 
days after birth. Presence of a_ steady 
level of 250 kDa core protein was also 
found. The CSPG with 250 kDa core protein 
was recognized by a monoclonal antibody 
(Mab 6B4) raised against the CSPGs 
purified from postnatal rat brains. 
Immunocytochemical and immuno-electron 
microscopical analyses revealed that, in 
the cerebellum of postnatal rats, the 
Purkinje cells, the Golgi cells and the 
neurons in the cerebellar nuclei were Mab 


6B4-immunopositive, whereas the granule 
cells, the neurons in the molecular layer 
and glial cells were immunonegative. The 


6B4 antigen was thus distributed in the 
cerebellar neurons that raised from the 
ependymal roof of the fourth ventricle. 


INEQUALITY OF THE SIZE OF DAUGHTER CELLS 
AND DAUGHTER NUCLEI IN GRASSHOPPER 
NEUROBLASTS. 

K. Kawamura. Lab. of Biol., Rakuno Gakuen 
Univ., Ebetsu, Hokkaido. 

Grasshopper neuroblasts repeat unequal 
cytokinesis along the cap cell (CC)- 
ganglion cell (GC) axis to produce a_ large 
daughter neuroblast with a large nucleus to 
the CC-side and a small daughter ganglion 
cell with a small nucleus to the opposite 
Side. In the present study, the spindle 
body was rotated by a microneedle for a 
certain angle and then the needle was 
removed from the cell. The cells operated 
at middle anaphase continue further cell 
division with the spindle which stayed 
almost at the rotated angle. The size of 
the daughter cells and nuclei varied with 
the degree of the spindle rotation. Up to 
SS rotation the side of GC pole of the 
spindle always made a small cell. 135° 
rotation seemed the threshold to induce the 
equal division. The rotation of the 
spindle for more than 135° to. 130° 
inevitably resulted the unequal division 
with the original polarity. However, the 
large daughter cell included the half 
spindle, originally the GC side. In the CB 
treated cells, a small GC type nucleus’ was 
occasionally formed at the GC pole of the 
spindle even when the spindle was’ rotated 
for 180°. The fact suggests that not only 
the cortex but the each pole of the spindle 
play some role in the unequal division of 
the neuroblast. 


DIFFERENTIAL BEHAVIOR OF CENTRIOLE PAIRS 
IN UNEQUALLY DIVIDING NEUROBLASTS OF 
CHORTOPHAGA. 
N. Yamashiki. Biology, Rakuno Gakuen Univ., 
Ebetsu, Hokkaido. 

Cytokinesis of grasshopper neuroblasts 
is unequal; a small daughter cell becomes a 
ganglion cell (GC), while a large one, a 
neuroblast (NB), repeats unequal cell 
division. Centriole pairs at _ the two 
spindle poles behaved differently during 
mid and late anaphase. The pair at _ the 
NB-side pole were separated from each other 
(NB-type), and the pair at the GC-side pole 
were situated close together (GC-type). 
When the spindle was rotated 90° before 
early anaphase, both centriole pairs became 
NB-type. By 180° rotation, the pair close 
to GC-side cortex was GC-type and the other 
was NB-type. In neuroblasts treated with 
cytochalasin B (CB), NB-side centrioles 
revealed NB-type behavior in intact and 9 
spindle-rotated cells. 180° rotation 
experiment changed NB-side centrioles into 
GC-type, just as in untreated cells. By 
CB-treatment, GC-type behavior of GC-side 
centrioles was maintained when the spindle 
was rotated in any angles. The results 
sugget that the cortex of the neuroblast is 
differentiated in two different region 
along the NB-GC axis. One occupies a wide 


range on NB-side, which accelerates he 
separation of NB-side centrioles. The 
other is restricted in a quite narrow 
region of the GC-side, which acts to 
Suppress the separation of centrioles and 


is not destroyed by the action of CB. 
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SPATIALLY RESTRICTED PATTERN OF THE MITOSIS IS 
INVOLVED IN THE SENSORY MOTHER CELL 
FORMATION OF THE WING DISC IN DROSOPHILA. 
K. Usui and K.-i. Kimura. Lab. Biol., Hokkaido 
Univ, of Education, Iwamizawa Campus, Hokkaido. 

Large bristles, sensory organs, on the Drosophla adult 
notum are arranged in a precise and reproducible pattern. 
This pattern is formed as spatial and temporal restricted 
appearance of the sensory mother cells (SMCs) for the 
bristles. 

To understand the relation between the formation of 
SMCs and the mitotic acitivity of the surrounding cells, we 
examined the spatial and temporal mitotic pattern of the 
wing discs with attention to the place and time which SMCs 
appear. We applied double staining method using BrdU 
immuno labelling to detect the mitotic activity and 
enhancer-trap transformant line, A101, to mark the SMC 
appearance. 

Spatial distribution of mitotic activity of the disc cells 
was not uniform in the notum region. We found the locally 
restricted area of mitotically quiescent cluster of cells 
(MQC) in the notum. X-gal and BrdU double staining 
revealed that these MQCs were located around the SMCs. 
Moreover, MQCs were also observed where SMC will 
appear later and MQC appeared sequencially like SMC 
appearance. 

These results suggest that temporally arrested cell cycle 
is involved in the formation and positioning of the SMC. 


THE DROSOPHILA POKKURI GENE PREVENTS 
OVERPRODUCTION OF THE R7 PHOTORECEPTOR. 

I. Nihonmatsu , H. Tei, T. Yokokura, R. Ueda, Y. Sano, S. 
Togashi, K. Sato, K. Hirata and D. Yamamoto. Mitsubishi 
Kasei Inst. Life Sci., Tokyo. 


By inserting single P elements into the fly genome, we 
have induced recessive mutations in a gene pokkuri (pok), 
which lead to overproduction of the R7 central photoreceptor 
with only minor effects on outer photoreceptors and the R8 
cell. When one copy of pok! is introduced into the sevenless 
(sev) homozygous background, single R7-like cells are 
restored to all ommatidia, i,e., the sev-Y3 phenotype is 


suppressed by pok! in a dominant manner. Two copies of 
pok! in the sev_Y3 homozygotes produce a variable number of 


R7-like cells, the phenotype of which is indistinguishable 
from that of sev+; pok!. We have studied the phototactic 
behaviour of the sev“Y3; pok! double mutant, using a T maze 
system. When given a choice between UV light and green 
light, normal flies select UV light, whereas sev£¥3 
homozygotes opt for green light. Flies homozygous for 
sev_Y3 and pok! prefer UV light over green light. Thus pok/ 
reverses the colour choice behaviour of sev“¥3 flies, 
demonstrating that at least some of the R7 cells are functional 
and make correct connections with central neurones. Mosaic 
analysis has shown that the pok wild type function is required 
in R1 and R6 cells to repress induction of supernumerary R7 
cells, implying an additional regulatory pathway for the 
induction of R7. We propose a hypothesis, where the sev 


system is postulated to convey a signal used to dis-inhibit 
pok-mediated repression in the R7 precursor, thus allowing it 


to take on the R7 fate. Since other sev expressing cells would 
have no contact with R8, the Sev tyrosine kinase of these cells 


would never be activated by its ligand, Boss protein. As a 


consequence, only the R7 precursor could assume the R7 fate. 


THE MAINTENANCE OF CONSTANT NERVE RING IN 
HYDRA 
S.Minobe, M.Itazawa, Y.Hayasi and 
O.Koizumi. 

Physiol.Lab.,Fukuoka Women’s 
Univ. , Fukuoka. 


The anatomy and dynamics of the nerve 
ring in hypostome of Hydra oligactis were 
examined immunocytochemically using an 
antiserum against a neuropeptide and 
neuron-specific monoclonal antibodies. The 
nerve ring is unique in the mesh-like 
nerve net in hydra since it is a distinct 
neuronal complex consisting of a thick 
nerve bundle running circumferentially at 
the border between the hypostome and 
tentacle zone. Immunostaining showed that 
the nerve ring was heterogeneous and 
contained at least four different subsets 
of neurons. 

During head-regeneration and budding 
the nerve ring appeared only after the 
nerve net of ganglion and sensory celis 
had formed. The ectoderm including the 
nerve ring constitutes a stationary zone 
that is not displaced. Tissue immediately 
above this zone is displaced towards the 
tip of the hypostome,while tissue below is 
displaced along the tentacles. 
Correspondingly the production of 
differentiation kinetics is much slower 
than in surrounding areas. Thus the nerve 
ring is static and stable in contrast to 
dynamic features of nerve net of hydra. 


EARLY DEVELOPMENT AND MIGRATION OF 
CRANIAL AND TRUNK NEURAL’ CREST CELLS IN 
THE TURTLE EMBRYOS. 

L. HOU and T. Takeuchi. Biological 
Institute, Faculty of Science, Tohoku 
University, Sendai 980. 


The neural crest is an embryonic 
tissue that differentiates into various 
cell types including pigment cells. We 
report here development of cranial and 
trunk neural crest and routes of 
migration of HNK-1-immunoreactive cells 
in embryos of the turtle (Trionxy 
sinensis japonicas). It was found the 
presence of two major routes of 


migration in the trunk: (1) a 
dorsolateral pathway between the somite 
and the ectoderm; (2) a ventral pathway 
between the anterior dermomyotome and 
the sclerotome; crest cells were also 
found adjacent to a region of the 
posterior somite. It seems that a 


ventrally migrating neural crest cells 
pass through the somite is the source of 
melanocyte in some extracutaneous 
tissues. The results suggest that the 
neural crest cells may have similar mode 
of migration in development of amniotes. 
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IMMORTALIZATION OF RAT GLANDULAR STOMACH 
EPITHELIAL CELLS BY SV40 LARGE T ANTIGEN 
GENE IN PRIMARY CULTURE. 

H. Fukamachi! and T. Masui2. 1lZool. InSe <5 


Fac. of Sci., Univ. of Tokyo, Tokyo and 
Lab. Viral Oncol., Cancer Inst., Tokyo. 


We have previously reported that rat 
glandular stomach epithelial cells 
proliferate in primary culture. Here we 
report that the cells can be immortalized 
by transfecting plasmids into the cells. 

Glandular stomach epithelial cells 
were cultured as reported previously. 
pSVori- containing SV40 large T antigen 
gene was transfected into the cells, anda 
permanent cell line was obtained. 
Southern blot analysis showed that the 
gene was integrated into the cells, and 
SV40 large T antigen was immunohisto- 
chemically detected in the nuclei of the 
cells. When implanted under the kidney 
capsule of isogenic adult rat, the cells 
formed simple columnar epithelia, but 
pepsinogen was never expressed. Thus, 
while the cells retain epithelial 
features, they may have lost some 
specialized characteristics. When 
injected subcutaneously into nude mice, 
they formed adenocarcinomas, indicating 
that immortalized cells had been 
transformed during subcultivation. 

These results suggest that glandular 
stomach epithelial cells can be 
immortalized in vitro, and this system 
would be useful in analyzing the mechanism 
of epithelial carcinogenesis in the 
glandular stomach. 


DIFFERENTIAL EXPRESSION OF METHYLCYTOSINE 
DURING RAT EMBRYOGENESIS. 

M. Matsuda. Department of Embryology, 
Institute for Developmental Research, 
Aichi 480-03. 


We have examined the expression of 
methylcytosine during rat embryogenesis. 
Sprague-Dawley (SD) rat embryos (day 5.5 
to day 19.5 of gestation) were fixed in 
Bouin's solution, embedded in paraffin, 
and sectioned sagittaly at 8 um. 
Deparaffined sections were treated with 
200 ng/ml proteinase K for 1 h at 37°C, 
100 pg/ml RNase for 1 h at 37° C, 70% 
formamide for 2 min at 70°C, and 0.3% 
hydrogen peroxide for 30 min at room 
temperature. Samples were stained with 
5-methylcytosine-specific antibody using 
Vectastain ABC Kit. 

In early embryonic stages (day 5.5 to 
day 7.5 of gestation), the staining was 
not observed in embryos. Then embryonic 
ectoderm or neural ectoderm began to be 
stained (day 8.5 to day 10.5 of 
gestation). At day 11.5 of gestation, 
dorsal parts of myelencephalon and neural 
tube were stained. Heart, meninges, and 
some mesenchymal cells were also stained. 
As embryos developed, the staining became 
to be observed in the mesenchymal cells 
of several internal organs, in ossifying 
bone tissues, and in the hematopoietic 
cells of liver. 


TRANSPLANTATION OF FETAL LIVER CELLS IN THE 
LIVER BY INJECTION INTO THE FETAL LIVER. 
N. Shzojgizs and. TT. Takada. Dept. Biol ::, 
Fac. Sci., Shizuoka University, Shizuoka. 
Fetal hepatocytes which are histochemi- 
cally homogeneous differentiate into mature 
hepatocytes and biliary epithelial cells. 
It remains to be clarified when the imma- 
ture hepatocytes are committed to differen- 
tiate into both the cell types in the liver. 
This study was undertaken to develop an 
experimental system with which we could 
analyze the cell lineage in the liver. 
BALB/cSlc and C3H/HeSlc strain mice were 
used. Genotypes of beta-glucuronidase re 
BALB and C3H mice are Gus /Gus and Gus / 
Gus’, respectively and each enzyme can be 
differentiated histochemically. Dissoci- 
ated liver cells of 15.5-day fetuses of 
BALB mice were injected into the liver of 
C3H fetal mice at 16.5 days. Fetuses were 
allowed to develop and at 1 to 2 months 
after birth youngs were analyzed histoche- 
mically to detect injected cells. 
Operatedfetuses were born and the 
average littersize was reduced to 2/3 of 
control animals. Injected cells were 
detected as patches in the liver parenchyma 
of recipient mice. They differentiated 
into mature hepatocytes, but not into 
biliary epithelial cells. The experimental 
system might be useful for the study for 
the cell lineage, growth pattern and cell- 
cell interactions during liver organoge- 
nesis. 


REACTIVATION OF CO-BLOCKED RESPIRATION BY 
LIGHT IRRADIATION IN SPERM OF SEA URCHIN 
AND OYSTER. 

E. Tazawa}, A. Fujiwara? and I. Yasumasu2 

IRBiol. Inst., Yokohama City Univ., 

Yokohama, Dept. of Biol. Sch. of Educ., 

Waseda Univ., Tokyo. 


In sea urchin sperm exposed to CO, 
light irradiation at 5x101!4 photon/cm2/sec 
exerted weak reactivating effect on their 
respiration and strong and maximum effect 
in the presence of TMPD at 430, 550 and 
590 nm, the peaks of reactivating effect 
in action spectra. In oyster sperm, respi- 
ration inhibited by CO was reactivated by 
light, only when they were exposed to 
TMPD, with peaks at the same wavelengths 
as above. These wavelengths were the same 
in action spectra for photo-reactivation 
of CO-inhibited cytochrome c oxidase in 
sperm of both species. These indicate that 
light-induced canceling CO-caused blockage 
of cytochrome c oxidase is made apparent 
in oyster sperm and made evident in sea 
urchin sperm by TMPD-induced electron 
supply lo cytochrome c. Light irradiation 
at 5x10'!5 photon/cm2/sec exerted strong 
and maximum activating effect on respira- 
tion only in CO-exposed sea urchin sperm 


with peaks of activating effect at 430, 
530 and 570 nm. Probably, activation of 
redox reaction in cytochrome b at this 
high fluence rate, which was not observed 
in oyster sperm, becomes apparent in sea 


urchin sperm. 
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DOES FERTILIZATION-INDUCED INCREASE IN THE 
RESPIRATORY RATE RESULT FROM AN 
AUGMENTATION OF CYTOCHROME c REDUCTION IN 
SEA URCHIN EGGS? 

A. Fujiwaral, E.Tazawa’, K.Asami? and 
1.Yasumasul ‘Dept. of Biol., Sch. of 
Educ., Waseda Univ., Tokyo, “Biol. Inst., 
Yokohama CIty Univ.,Yokohama, “Dept. of 
Biol., Sapporo Med., Coll., Sapporo. 


Cytochrome c oxidase in unfertilized 
eggs of sea urchin exhibited the same 
activity and Km(0Q2) to those in fertilized 
eggs. This terminal oxidase was inhibited 
by -<CN-s and sco: CO-caused inhibition of 
this enzyme in these eggs was reversed by 
light with peaks of reactivating effect at 
4305 DD Olan Gd a 9.O een The rate of 
respiration, exhibiting the same Km(Qz) to 
that for cytochrome c oxidase, was quite 
lower in unfertilized eggs than in 
fertilized ones. TMPD made the rate of 
respiration in unfertilized eggs as high 
as in fertilized eggs, without any 
alteration of Km(QO2). Respiration in 
TMPD-exposed eggs was blocked by CO and 
the blockage was reversed by light 
irradiation with peaks at 430, 550 and 590 
nm. These indicate the dependency of 
respiration on cytochrome Cc oxidase 
reaction in TMPD-exposed eggs. Certainly, 
low respiratory rate in unfertilized eggs 
results from depressed rate of electron 
transport to cytochrome c, which is to be 
enhanced by fertilization or by TMPD. 


CHANGE IN THE RESPIRATORY RATE AND THE 
CYTOCHROME c OXIDASE ACTIVITY IN SEA 
URCHIN EMBRYOS DURING EARLY DEVELOPMENT. 

[. Yasumasul, A. Fujiwaral, E.Tazawa2 
and K. Asami%. ‘Dept. of Biol., Sch. of 
Educ., Waseda Univ., Tokyo, 2Biol. Inst., 
Yokohama City Univ., Yokohama, Dept. of 
Biol., Sapporo Med., Coll., Sapporo. 


The Km(Oz) value for respiration, which 
was inhibited by CN- and CO, was the same 
to the value for cytochrome c oxidase in 
sea urchin embryos in whole span of early 
development, except short period after 
insemination. Though the cytochrome c oxi- 
dase activity was practically unchanged 
during early development, the respiratory 
rate, which was quite low in unfertilized 
eggs, increased upon fertilization and was 
enhanced further in developmental period 
between the blastula and the gastrula 
stage. The respiratory rate in embryos at 
the pre-gastrula stages was appreciably 
enhanced by FCCP or TMPD and made as high 
as in gastrulae by exposure to both com- 
pounds without any alteration of Km(Qz2). 
CO-blockagze of respiration in embryos 
exposed to FCCP and /or TMPD was reversed 
by light with peaks of canceling effect at 
430, 550 and 590 nm, in the same manner to 
CO-blockage of cytochrome c oxidase. In 
embryos at the pre-gastrula stages, the 
respiration, finally due to cytochrome c 
oxidase reaction, seems to be regulated by 
coupling to oxidative phosphorylation and 
the rate of cytochrome c reduction. 
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THE EFFECT OF BrdU ON THE GENE EXPRESSION IN 
CULTURED MELANOMA CELLS. 

H. Kondo and T. Morita 

Dept. of Biol., Coll. of Gen. Educ., 

Osaka Univ., Toyonaka. 

Melanogenesis in cultured melanoma cell is known 
to be inhibited by 5-bromodeoxyuridin(BrdU) 
following with the reduction of tyrosinase 
activity and selanosome formation, and the change 
of cell morphology flattened. We have been studied 
the gsolecular and cellular aspects of BrdU effect 
in cultured melanoma cells. The amount of mRNAs, 
by the slot blot hybridization assay, of 
tyrosinase gene and  b-locus’- gene, as the 
"melanocyte specific” gene, were drastically 
reduced by BrdU treatment, but the s#RNA_ of 
actin genes and HPRT gene, as the housekeeping” 
gene, were slightly reduced. These results lead 
that BrdU ay supress the expression of 
"gelanocyte specific” gene but not “housekeeping” 
genes. As to the change of cell morphology, ”Non- 
transformed” cell like actin fibre in BrdU 
treated melanoma cell, and "Transformed” cell 
like actin fibre in non-treated melanoma cells, 
were observed by the phalloidin fluorescence 
staining. 


EXPRESSION OF TYROSINASE GENE IN TANSGENIC 
MICE. 

T.Takeuchi, S.Tanaka and H.Yamamoto. 
Biological Institute, Tohoku University, 
Sendai. 


The cDNA of tyrosinase, the kye enzyme 
for melanogenesis, has been cloned and 
sequenced by Yamamoto et al. (1987, 1989) 
for mice. We were also able to clone 
genomic 5’ noncoding flanking region of 
the tyrosinase gene. 

A mouse tyrosinase minigene, mg-Tyrs-J, 
in which the genomic 5’ noncoding flanking 
sequence was fused to a mouse tyrosinase 
cDNA, was introduced into fertilized eggs 
of BALB/c albino mice. Six transformed 
mice that exhibited brown agouti hair 
with some variations in the intensity of 
Pigmentation were obtained. By crossing 
the founder mice with BALB/c albino mice, 
transgenic lines and sublines were estab- 
lished. Each subline expressed character- 
istic phenotype with respective band 
patterns in Southern blot analysis. 

This indicates that the character is 
expressed by transgnes integrated at a 
Single location of the chromosomes. 
Difference in phenotypes among sublines is 
probalbly due to the position effect of the 
chromatin where the transgene is integrated 
although a possibility that modification in 
the nucleotide sequence of the transgene is 
responsible for the difference can not be 
excluded at present. 
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ANALYSIS OF TYROSINASE GENE OF RANA 
NIGROMACULATA (1) STRUCTURE OF cDNA. 
M. Takasel, I. Miura’, H. Yamamoto2, T. 
Takeuchil-2 and M. Nishiokal, Lab. for 
Amphibian Biol., Fac. of Sci., Hiroshima 
Univ., Hiroshima, and 2Biol. Inst., Tohoku 
Univ., Sendai. 

To elucidate the mechanism of pigmenta- 
tion in frog, we analyzed the cDNA encoding 
tyrosinase gene (Tyr-N) of Rana nigro- 


maculata. We constructed a cDNA library 
from mRNA isolated from the 25th stage 
tadpoles, using lambda gtl0O phage as a 
vector. A clone of Tyr-N cDNA was isolated 
by screening the library by plaque 
hybridization with mouse tyrosinase cDNA 
(Tyrs-J: Yamamoto et al., 1989) as a probe. 
The 3520 bp sequence of the Tyr-N cDNA, 
which includes the 1596 bp open reading 
frame of the tyrosinase gene, the 54 bp 
upstream region, and the 1870 bp downstream 
region, was determined by the dideoxy chain 
termination method. The deduced amino acid 
sequence of the tyrosinase suggests that it 
contains nine possible glycosilation sites, 
and a putative signal peptide with 17 amino 
acids. The coding region of Tyr-N was 
61.7% and 66.5% homologous to that of Tyrs- 
J in DNA sequence and amino acid sequence, 
respectively. The 3'-end non-coding region 
contained eight TGA codons in the same 
reading frame and three putative poly A 
tailing signals. 


ANALYSIS OF THE TYROSINASE GENE OF RANA 
NIGROMACULATA. (II) STRUCTURE OF THE 
GENOMIC DNA. I. Miural , M. Takasel, K. 
Makino2, A. Nakatal,2 , H. Shinagawal 2 and 
M. Nishiokal. JLab. for Amphibian Biol., 
Fac, of Sci., Hiroshima Univ., Hiroshima, 

Res. Inst. for Microb. Dis., Osaka Univ., 
Osaka. 

10 SnalyZe the structure * of the 
tyrosinase gene (Tyr-N) of Rana nigro- 
maculata, we constructed a genomic library 
of blood cell DNA with lambda gtl10 phage as 
a vector. Two clones containing genomic 
DNA fragments of Tyr-N were isolated by 
screening the library by plaque hybrid- 
ization with Tyr-N cDNA as a probe. One 
clone contained the 747-bp 5' noncoding 
region, including the 54-bp transcribed 
region, the lst exon (83lbp), and a part 
of the lst intron (1573bp). Upstream of 
the transcribed region, four TATA box-like 
sequences were found. When the upstrean 
region was compared to those of the huwan 
and mouse tyrosinase gene, four highly 
conserved sequences were identified in the 
equivalent positions. Four CAAT box-like 
sequences, and three clusters (15-18) of 
were also observed. The other clone 
contained the 914-bp 3'-end of the Tyr-N 
cDWA previously analyzed, and the down- 


stream 1973-bp sequence. In this 
transcribed region, 15 palindr« 
sequences were observed. A 3l-bp seq : 
highly nowologous to the 3'-enhancers of 
tne chicken @-globin and histone H5 genes 
was found 1482 bp downstream of the 


transcribed 3'-end. 
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GENETIC DIVERSITY BETWEEN ANURAL AND 
URODELE MOLGULA SPECIES (ASCIDIAN): 
MOLECULAR CLONING OF cDNAs SPECIFIC TO THE 
URODELE OOCYTE/EGG. 

K. W. Makabe+, Be J. Swallla=,; and ewe OR: 
Jeffery. Syn Cue AoOeyl,, INAS Cie Hes 45 
Kyoto Unatvien, Kyoto, Bodega Marine 
Laborotory, Univ. California Davis, 
California, USA. 


There live two close relative species 
of Molguia ascidians on sand areas on the 
Atlantic coast in France. They, however, 
develop quite differently: one, Molgula 
eculata, grows up transiently into a larva 
containing a tail in which notochord and 
muscle cells differentiate (urodele), 
while the other, Molgula occulta, develops 
directly to an adult without the larval 
stage (anural). A hybrid embryo from the 
urodele egg with the anural sperm shows 
intermediate characterics. That is, the 
hybrid possesses a notochord, but not 
muscle cells. These results suggest that 
the genetic information in the urodele egg 
is different from that in the anural egg. 
To investigate the genetic diversity 
between eggs of these species, we searched 
for messengers present in the urodele 
oocyte/egg but absent from the anural 
oocyte/egg. After subtractive screening 
an oocyte/egg cDNA library of the urodele 
ascidian, two cDNAs were isolated. The 
structure and/or the regulation of these 
genes are thought to change in accompany 
with the divergence of these species. 


GENETIC VARIABILITY OF MITOCHONDRIAL DNA 
AMONG THREE TYPES IN Halocynthia roretzi. 
A.Hino! , T.Numakunai2, T.Kobayashi?, M. 

Goto? , R.Ueshima?, K.Numachi?, 'Dept. of 
Biol. Sciences, Kanagawa Univ. Hiratsuka, 
*@Mar.Biol.St., Fac. of Sci.,Tohoku Univ. 

Asamushi,*?Ocean Res.Inst.,Univ. of Tokyo. 


Because of the difference of the breed- 
ing season and the start time of Spawning, 
Halocynthia roretzi is classified into 
three types. They seem reproductively 
isolated and there is a possibility that 
they represent an early stage of sympatric 
speciation. To ascertain such possibili- 
ties at the level of mitochondrial DNA 
(mtDNA), restriction fragment polymorphism 
was studied. 

The mtDNA was extracted from gonad and 
hepato-pancreas by the method of Komm et. 
al.(€'82) with modification for quick 
preparation. Then mtDNA was digested by 
enzymes and the restriction fragments were 
analyzed. Three individuals of Type A and 
B and six of Type C were collected at 
Asamushi were tested. Eight adults from 
Otsuchi and 6 from UShimado which were 
recognized as Type C were also studied. 
The molecular weight based on agarose gel 
electrophoresis of restricted mtDNA was 
about 16kbp. No polymorphism with few 
restriction site was found in the 
digestion by Ava I, BamH I, Bgl I, 

Bal alt wEGOR AV. and seS tel) On LiyasDvantinine 
Il digestion, polymorphism was found and 
it was correlated with each type and 
population. 


CLONING AND SEQUENCING OF A cDNA 
OF THE ACIDIAN HR-29 PROTEIN. 


A. Nakamura!, H. Yasunaga“, T. Takagi and K. 
Konishi2. ! Dep. Biol.. Fac. Sci, Kochim@inive 


Kochi. 2 Biol. Inst., Fac. Sci., Tohoku Univ., 
Sendai. 


The body wall muscle of the acidian (Halocynthia 
roretzi ) contains a large amount of 29-kDa protein 
(HR-29), whose function is still unknown. To 
elucidate the evolutional origin and function, we 
have determined the cDNA and genomic structure 
of this protein. The central region of the cDNA 
was amplified by PCR method using two mixed 
oligonucleotide primers based on the amino acid 
sequence determined by Takagi ef al. (1986). Then 
the 3'- and 5'-ends were amplified separately by 
RACE method. The cDNA is composed of 889 bp 
and has an open reading frame and encorded 251 
amino acid residues. A consensus polyadenylation 
signal AATAAA is present at the 28 nt downstream 
from the termination codon TAA. The N-terminal 
half of HR-29 contains three homologous repeated 
sequences consisting of 19 amino acid residues, 
however, there is no notable sequence homology 
with other proteins . The C-terminal half of HR- 
29 shows significant homology with a-crystallin 
and hsp 22. Genomic analysis showed that HR-29 
gene has at least three introns in the C-terminal 
domain. 


DNA POLYMORPHISMS IN SEA URCHIN, 
HEMICENTROTUS PULCHERRIMUS. 

Y.Iuchi, K.Yamada, K.Akasaka, and 
H.Shimada. Zool. Inst., Fac. Sci., 
Hiroshima Univ., Higashi-Hiroshima 724. 


We studied individual as well as 
geographical variations of the sea urchin, 
Hemicentrotus pulcherrimus, which is widely 
distributed from northern end of the Honshu 
island to southern end of the Kyushu island 
in Japan. 

Genomic DNAs of H.pulcherrimus prepared 
from 6 different locations in Japan were 
analyzed by southern blotting to obtain 
restriction enzyme fragment length 
polymorphisms (RFLPs) with several 
different restriction endonuclease, using a 
cDNA of arylsulfatase(Ars), spicule matrix 
50(SM50) and early type Histone DNA as a 
probe. 

Many RFLPs were observed at individual 
level, and classified into some haplotypes 
for each restriction enzymes, while any 
clear geographical variation was not 
detected. 

We detected interspecific differences in 
these genes between H.pulcherrimus and 
closely related sea urchin, 
Strongylocentrotus intermedius. 

The interspecific variation in RFLP was 
far greater than those among H.pulcherrimus 
from different locations. 
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A METHOD FOR CHROMOSOME PREPARATION FROM 
SPERM OF SEA URCHINS BY THE USE OF HYBRID 
ANDROMEROGON. 

K. SAOTOME, Yokohama City Institute of 
Health, Yokohama. 

When chromosome preparation of sea 
urchins is made from the early embryos, the 
well-spread and clear metaphase plates 
which make karyotype analysis possible are 
obtained. This method, however, needs the 
following conditions:1) breeding season is 
well-known;2) several individuals of mature 
males and females can be obtained;3)eggs 
and sperm can be used;and 4)fertilization 
and development progress smoothly. Though 
the echinoid fauna is especially abundant 
in Japan, only about 25 species fulfill the 
conditions above. Since mature sperm is 
easily obtainable out of 4 conditions, the 
method for chromosome preparation from 
sperm was developed by the use of hybrid 
andromerogon. Sperm used was Glyptocidaris 
crenularis and Strongylocentrotus 
intermedius. Non-nucleate fragments were 
obtained from Hemicentrotus pulcherrimus 
eggs by centrifugation. The egg fragments 
after treatment with trypsin(50-200pg/m1l 
for 1-2 min) were inseminated and chromo- 
some preparation was made from hybrid 
andromerogon at the morula stage by the 
air-drying method. The metaphase plates 
obtained were clear. Chromosome numbers 
were 22 in _G.crenularis and 21 in S$. 
intermedius, which numbers were haploid of 
chromosome numbers (2n=44 in G.crenularis, 
2n=42 in S. intermedius) already reported. 


PRIMARY STRUCTURE OF A CALCIUM PUMP OF 
PLASMODIUM YOELII, A RODENT MALARIA 
PARASITE. 

K. Tanabe! and K. Murakami’. lLab. of 
Biol,, Osaka Institute of Technol., Osaka 
and “Central Res. Inst., Dai-ichi Phar- 
maceutical Co. Ltd., Tokyo. 

To investigate transport of cations in 
malaria-infected erythrocyte at the 
molecular level, we have cloned a cation 
transporting ATPase gene of P. yoelii 
using an oligonucleotide probe derived 
from a conserved amino acid sequence of 
the aspartyl phosphate family of ATPases. 
The complete nucleotide sequence predicts 
a 12671 7M, encoded protein composed of 
1115 amino acids. The P. yoelii protein 
contains functional and structural fea- 
tures common to the family of aspartyl 
phosphate cation-transporting ATPases. 
The parasite protein shows the highest 
overall homology in amino acid sequence 
(42%) to the Ca“*-ATPase of rabbit skele- 
tal muscle sarcoplasmic reticulum. 
Homologies to other cation-transporting 
ATPases including a plasma membrane Ca“*- 
ATPase were between 13 and 24%. The 
structure predicted from a hydropathy plot 
also shows 10 transmembrane domains, the 
number and location of which correlated 
well with the sarcoplasmic reticulum Ca**- 
ATPases. On the basis of these results, 
we conclude that the parasite gene encodes 
an,organellar, but not plasma membrane, 
Ca**-ATPase. 
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MACRONUCLEAR DNA REARRANGEMENT OF CALMODU- 
LIN GENE IN TETRAHYMENA THERMOPHILA. 
M.Kato, M.Hirono!, T.Takemasa, M.Kimura 
and Y.Watanabe. Inst. of Biol. Sci., Univ. 
of Tsukuba, Tsukuba and !Cell Bank, Inst. 
of Phys. and Chem. Res. (RIKEN), Tsukuba. 


To know relationships between DNA 
rearrangement and switching of gene ex- 
pression in Tetrahymena thermophila, we 
investigated macronuclear (MAC) DNA rear- 
rangement in calmodulin (CaM) gene tran- 
scribed actively in the cell. For this, 
MAC and micronuclear (MIC) DNAS7 were 
analyzed by Southern hybridization using 
CaM cDNA as a probe. We detected hybridiz- 
ing bands which have different mobilities 
in MAC (4.2 kb) and MIC (5.7 kb) DNAs, 
when these DNAS were digested with Eco RI. 
This result suggests that MIC specific 
sequence (about 1.5 kb) is eliminated in 
MAC CaM gene. The 4.2 kb MAC fragment was 
further cloned to pUC18 plasmid. From the 
restriction map and nucleotide sequence of 
both terminal regions, this fragment is 
shown to correspond to a 4.2 kb-long 
intron in the 5’-non-coding region of CaM 
gene. By PCR using primers which produce 
0.6 kb-MAC fragment corresponding to 5’- 
terminal of the intron, we detected 2.1 kb 
fragment when MIC DNA was used as a tem- 
plate. This result consolidates in that, 
in CaM gene, MIC specific sequence is 
located in 5’-end of intron of 5’-non- 
coding region. 


A CNR MUTANT DISCOVERED IN A NATURAL STOCK 
OF PARAMECIUM CAUDATUM. 


K.Hiwatashi! and I.I.Skoblo2, ‘Dept. of 
Biotech., Senshu Univ. of Ishinomaki, Ishi- 
nomaki and 2Inst. Biol., Univ. of Leningrad 
Leningrad, USSR. 


In Paramecium caudatum, 8 mating groups 
(syngens) have been discovered in Japan and 
6 in USSR. Interrelations between those 
discovered in two different countries were 
examined. The two mating types belonging 
to Group (syngen) 7 of USSR were found to 
be identical with Group (syngen) 1 of Japan 
which is also Group 1 in Gilman's system. 
Since the USSR stock mated with Japanese 0! 
was a selfer, progeny of natural selfing 
were obtained. Among 11 NR obtained from 60 
pairs isolated, 5 were found to be CNR, 
because they showed no avoiding reaction 
when stimulated in high potassium solution. 
When one of these CNR clones was crossed to 
wild type, most of the progeny were wild 
type, though 2 among 22 were CNR.The latter 
is most probably cytogamous progeny. From 
4 wild-type F1 clones, F2 clones were iso- 
lated using CNR as the marker (Hiwatashi et 
al. 1980). Among the 4 Fj clones, 3 showed 
very poor progeny survival. The remaining 
one yielded 12 NR progeny among 41 selfing 
pairs isolated. Segregation of wild type 
and CNR was 10:2. One of the Fj clone 
backcrossed to the parental CNR. Segrega- 
tion of wild type and CNR was 4:3 in 7 NI 
survived among 48 pairs isolated. 
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TRANSFORMATION OF SEXUAL MATURITY 
TO IMMATURITY BY MICROINJECTING 
IMMATURE GENOMIC DNA IN 
PARAMECIUM. 

N. Haga. Dept. of Biotech., Senshu Univ. of 
Ishinomaki, Ishinomaki. 


Sexual immaturity is one of the common 
characteristics in ciliates. The immaturity period of 
Paramecium is genetically controlled and measured 
by the number of cell divisions after conjugation. 
During the immaturity period the expression of 
mating reactivity is inhibited by the cytoplasmic 
protein, immaturin. However, it is unknown if 
macronuclear genomic information is equivalently 
conserved from the beginning of immaturity to 
maturity in Paramecium. I report here that the 
microinjection of immature genomic DNA induces 
temporal rejuvenation in mature cells for 20-30 
fissions after microinjection. The ability of 
immature macronucleus to rejuvenate mature cells 
is not equivalent through the immaturity period, 
that is at the beginning of immaturity the ability was 
low or nothing and reached to maximum at about 
15-fissions after conjugation. This juvenile 
transformation suggests that irreversible changes in 
genomic information might be involved in the 
sexual maturation. 


CHROMOSOMAL ASSIGNMENT OF THE tu-91k GENE, 
RESPONSIBLE FOR THE ORGAN SPECIFIC 
MELANOTIC TUMOUR FORMATION IN 

DROSOPHILA MELANOGASTER FEMALE FLIES. 

K. Kosuda. Rito eaalbee etiaice a oleoeler 
Josai Univ. Saitama. 

A large number of melanotic tumours 
have been reported in Drosophila and other 
insects, since Bridges(1916) described one 
in D. melanogaster for the first time. 
Most melanotic tumours develop in larval 
stages, especially in the third instar 
larvae shortly before pupariation. In 
the previous reports, Kosuda(1989) found a 
new melanotic tumour strain, C-104, in 
which the tumours develop only in the 
adult stage, exclusively in the vicinity 
of female spermathecae. In the present 
study, chromosomal transfer experiments 
were carried out to assign tu-9lk, a gene 
responsible for the organ-specific adult 
melanotic tumour in the C-104 strain. It 
was disclosed that the second chromosome 
has a predominant effect and the gene is 
semidominant in its phenotypic expression. 
The effect of the melanotic tumours on the 
viability of their carriers was also 
discussed. 


THE BIOLOGICAL EFFECTS OF MICROWAVE IRRADIATION ON 
DROSOPHILA. 


Valienoninaon Te Semes., Kekona and M. Suzuki’. 


tokyo Womans' Christ. Univ., oe olenide Inst. 
Tech. 

Microwave is an electromagnetic wave having 
frequencies between 1 mm and 1 m which is between 
those of infrared rays and radio frequencies. It 
has a capacity to heat things and is considered to 
be harmful to living bodies. Since 1985 we have 
conducted a series of irradiation tests on larvae 
and pupae of D. virilis and D. melanogaster using 
the microwave of 9.37 GHz (Gumn Ocillator) and 2.45 
GHz (Microwave oven) with output powers of 200W, 
500W and 550W. In the current experiment, we 
revealed the difference between (1) the salivary 
chromosomes and the ganglion cell chromosomes of 
third-instar larvae which had been irradiated 72 
hours young larvae with microwave (2) the result of 
the irradiation experiment on larvae of late, 
third-stage of growth. Adult flies from the above 
(1) and (2) experiments were compared using the 
electrophoresis method. While no significant 
difference in the drift patterns of protein was 
observed within the duration of irradiation in (1), 
the less of specific protein bands, or rather, the 
decrease in the number of protein was observed in 
(2). This is significant in that, in the third- 
instar larvae, in indicates the existence of some 
residual effects on the stability of synthesized 
protein in addition to damaging effects on protein 
synthesis. Furthermore, we observed the polyploidy 
cells on the ganglion cells irradiated with the 
microwave with output power of Z00W for 30 seconds. 
This is an interesting effect of the microwave on 
larvae in growth period, on which we propose to 
make a further study. 


GENETIC ANALYSIS ON FLUORESCENT COMPOUNDS 
AND CYTOPLASMIC GRANULES IN MALPIGHIAN 
TUBULES OF DROSOPHILA MELANOGATER. 
.Yagil, M.NakagoshiZ and M.Tsusue 2. 
Dept. of Biol. iColl. GC. vEduc ea Uni aeons 
Tokushima, Tokushima and 2 Biol. Lab. 
Kitasato Univ. Kanagawa. 


Tryptophan can be metabolized to 
ommochrome or brown pigments. Two precur- 
sors of brown pigments, kynurenine and 
3-OH-kynurenine (3-OHK) are actively trans- 
ferred and accumulated in larval Malpighian 
tubules of Drosophila melanogaster. The 
fluorescent granules appear abundantly in 
the tubules. After administration of 
tryptophan metabolites, change in 
fluorescence and structure of the granules 
in tubules of eye color mutants of D. 
melanogaster was observed. This cytological 
change may closely connected with ommo- 
chrome formation. Contents of fluorescent 
compounds per individuals of eye color 
mutants, brown, cinnabar brown and white 
were investigated by HPLC analysis. Major 
components of the fluorescent compounds in 
the tubules were identified as isoxantho- 
pterin (IXP) and riboflavin. By feeding 
of 3-OHK to cinnabar brown larvae, contents 
of IXP decreased. On the other hand, IXP 
increased and riboflavin decreased by feed- 
ing of IXP. This observation may suggest 
that in Drosophila larvae IXP, riboflavin 
and 3-OHK may be contained in the granules 
of tubules and 3-OHK may interact with IXP 
and riboflavin. 
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PHYSIOLOGICAL ROLE OF THE TESTIS-SPECIFIC 
a-HYDROXYACID OXIDASE IN Drosophila 
Wert 2S. 

¥.D.Taka! and T.Aotsuka. lrac.of Bioin- 
dustry, Tokyo Univ.of Agriculture, Aba- 
shiri and “Dept.of Biol.,Fac.of Sci., 
Tokyo Metropolitan Univ.,Tokyo. 


Testis specific a-hydroxyacid oxidase 
(HAOX-T) was found in Drosophila virilis 
and its close relatives. We have studied 
biochemical characteristics of this 
enzyme. However, the physiological role 
of HAOX-T has not been demonstrated. 

In nature, HAOX-T locus is highly 
polymorphic containing several electro- 
phoretically detectable alleles and a 
null allele (produces no active enzyme). 
By successive back crossing, a null 
allele was introduced to the _ genetic 
background of inbred strain (TK) which 
has an active allele. Resulted null 
strain and TK strain were compared in 
relation to male productivity and sperm 
displacement. 

The life span productivity was not 
statistically different between the two 
strains. But females copulated with males 
of the null strain tend to produce 
progeny over a longer period of time 
compared to females copulated with TK 
strain. The extent cf sperm displacement 
was Slightly different between two types 
of sperm. Sperms of the null strain was 
displaced less effectively when females 
was re-inseminated with TK strain. 


CHEMICAL-INDUCED STRUCTURAL CHROMOSOME AB- 
ERRATIONS IN HUMAN SPERMATOZOA. 

Y. Kamiguchi!, Y. Lizawa? and K. Mikamol. 
lDept. of Biol. Sci., Asahikawa Med. Col., 
Asahikawa, 2Dept. of OBGY, Fukushima Med. 
Col., Fukushima. 


We studied the cytogenetic effects of in 
vitro exposure of 6 antineoplastic agents, 
bleomycin (BM), cyclophosphamide (CP), dau- 


nomycin (DM), methyl methanesulfonate (MMS), 


mitomycin C (MMC) and triethylene melamine 
(TEM) to human spermatozoa. Total numbers 
of 2055 and 2368 spermatozoa were karyo- 
typed in the control and the _ chemical- 
treated groups, respectively. 

Incidences of sperm with structural 
chromosome aberrations were 24.3%, 47.3%, 
54.1% and 50.7% in BM (50 pg/ml, 90 min), 
DM (0.1 ug/ml, 90 min), MMS (100 ng/ml, 120 
min) and TEM (0.1 ug/ml, 120 min) groups 
respectively, showing significantly higher 
incidences than those in matched controls 
(10.1-14.1%). No significant increase of 
the incidence was found in CP (1-1000 wug/ 
ml) and MMC (0.1-100 wg/ml) groups. Break- 
age-type aberrations were more frequent 
than exchange-type aberrations in BM, MMS 
and TEM, while the exchange-type aberra- 
tions were more frequent in DM. Exchanges 
were mainly of chromatid type in DM, MMS 
and TEM, while chromosome-type exchanges 
occurred more frequently in _ BM. These 
results were discussed in relation to our 
data on X-irradiated and non-treated 
human spermatozoa in Japanese population. 
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SO CALLED PRE-WAR JAPANESE ‘ole CLUE cuturnix japonica) 
A.Nakamura, ' K.Nishimura, * T.Kanek 

Univ.of Shizuoka, Hamamatsu ‘anal , Hamamatsu. 
‘of Biol. ,Keio Univ. , Yokohama. 


It has been believed that the strain of quail domesticated and 
kept. in Japan since the traditional era had died out during 
World War Il. However, small numbers were maintained with 
ra effort through and after the war by aficionados in Tokyo. 

this basis quail breeding was begun once again.With the 
intention of re-activating the line, however, the quails were 
repeatedly bred with wild quails, and also with such foreign 
breeds as the English White and quails from Taiwan. Through th 
modern Japanese commercial quail line was developed. 

We have been able to discover a quail line which has been 
maintained since pre-war times, and this strain has been 
examined. The examined object. and the result are described below. 
1)Egg weight and body weight were heavier in pre-war line than 

m commercial line. 
2)Growth curve of early development had two types; pre-war |ine 
wre and modern commercial line t Pre-war line was superior 
to modern commercial line. ( Fig. 1 roth 
3)Fundamental adult body weight in pre-war line was simmilar 
on both sexes, but female in the hep asa heavier 
than male. This rou was considered the temporary change of 
egg production. ( Fig.2 
4)Early growth on pre-war line and the other pure line has 
similar curve on both sexes, but in modern commercial line 
and hybrid line females were much heavier than males. It 
was considered to be related to sex-linked factors. ( Fig.1 ) 
5)Growth curve on early stage of pre-war line and the other pure 
line has similar patern on both sexes. This fact pe cee ahs 

dosage compensation in quail. ( Fig. 1 
6) Above result shows evidently the change of character between 

pre-war line and modern commercial | ine. 


« Fig.l “Resreurenn 3) ee erie 
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HYBRIDS AND BACKCROSSES BETWEEN TWO RANA 
RUGOSA POPULATIONS WHICH DIFFER IN SEX 
DETERMINING MECHANISM. 

M. Nishioka and I. Miura. Lab.for Amphibian 
Biol., Hiroshima Univ., Hiroshima. 

The sex determining mechanism of the 
Hiroshima population is XY-type, while that 
of the Aomori is ZW-type. When reciprocal 
crosses were made between them, both kinds 
of hybrids could develop normally. In these 
cases, XX$# x ZZ%@ produced XZ males, while 
ZW% « XY% producecl nearly the same numbers 
of feinales and males, as the hybrids having 
Z and those having W became males and fe- 
males, respectively. When WX or WY female 
hybrids were crossed with XY males, with 
sex-reversed XX males and with ZX males, 
45.7%, 46.6% and 22.9%, respectively, died 
of abnormality at the early tadpole stage. 
However, when they were crossed with ZZ 
males, the offspring developed normally and 
became mature frogs. When the eggs of fe- 
male hybrids were gynogenetically develop- 
ed, 60.9% and 40.9% died at the hatched and 
early tadpole stages, respectively. No WW 
frogs were obtained. When the eggs of ZW 
females of the Aomori population were gyno- 
genetically developed, 47.7% died at the 
hatchec .stage, and all the living frog: 
were ZZ males. When the male ZX or Z 
hybrids were crossed with XX females, a] 
the offspring developed normally and becam 
mature frogs. Of the gynozgenetic frogs and 
backcrosses of reciprocal hybrids, those 
with W- and Z-chromosomes were females and 
males, respectively. The XX frogs seemed 
Frequently to be sex-reversed. 
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KARYOTYPES OF RICEFISHES GENUS RYZIAS 
FROM SULAWESI, INDONESIA 


H. uwA', kK. TAKATA! and M. KOTTELAT2. 


Fac. Ot scien OMEN Smus sUniive. Matsumoto 
and Zoologische Staatssammlung, Munich, 
Germany. 

Karyotypes of three ricefishes from the 
central Sulawesi were studied. Species 
examined were O ] Nigrimas Kottelat 
from Lake Poso, Q. matanensis (Aurich) 
from Lake Matano, and QO. marmoratus 


(Aurich) from Lake Towuti. Their kKaryo- 
types were as follows: QO. nigrimas (2n=36, 
NF=48, 8M+4SM+24A), O. matanensis (2n=42, 


NF=48, 2M+4SM+36A), Amiel (0); marmoratus 
(2n=42, NF=48, 2M+4SM+36A). The Karyotype 
of QO. matanensis was similar to that of O. 
marm s while the karyotype of ‘OF 


niarjmas was similar to that of Q. cele- 
bensis (Weber) (2n=36, NF=48, 8M+4SM+24A) 
from Ujung Pandang (Uwa et al., 1981). 
These four species had NORs-chromosomes of 
submetacentric type in common, and con- 
tained two (Q. marmoratus and Q. matanen- 
sis) or eight (0. nigrimas and O. celeben- 
sis) large biarmed chromosomes which were 
caused through centric fusion. 

Uwa (1986) have divided ricefishes 
karyotypically into three groups: the 
monoarmed chromosome group in southwest 
Asia, the biarmed chromosome group in 
eastern Asia, and the fused chromosome 
group in Wallacea. We conclude that three 
species from the central Sulawesi are 
members of the fused chromosome group and 
Karyotypically related to Q. celebensis. 


NON-REDUCTIONAL DIPLOID EGGS PRODUCED BY 
FEMALES OF INTERSPECIFIC HYBRIDS BETWEEN 
ORYZIAS LATIPES AND O. CURVINOTUS. 


M.Sakaizumi’, Y.Shimizu'. T.Matsuzaki', 
J-Kurita=_ “f20shiro= and) “S;Hamacuchi>. 
“Dept Lot slab eese Anis, SCil.., | aChem mLOKyo 


Metropol. inst. Med--Sci.) Tokyos SDepit: 
of Agua Biloscien Loky.omUniivi-e sil ershia. 
Tokyouland. =Depe. sof | Biol. PColidny .Gen- 
Educ., Niigata Univ., Niigata, Japan. 

In the reciprocal crosses between 
Oryzias latipes and QO. curvinotus, hybrid 
males were sterile. Although the numbers 
of eggs were unusually low, hybrid 
females did lay eggs. No evidence of 
meiotic segregation, the occurrence of 
Iales in backcross’ progeny, and the 
triploid DNA value indicated that the 
hybrid females laid diploid eggs without 
reduction and that the haploid genome of 
normal sperm contributed to the 
production of triploids. 

Non-reductional diploidy of the eggs 
and triploidy of the progeny were further 
confirmed by chromosomal studies. 
Difference in frequencies of hypo- 
triploidy and chimerism was’ observed 
among the strains of QO. latipes. 

We have succeeded in production of an 
allodiploid fish clone from the 2n eggs 
laid by latipes-curvinotus hybrid females 
by means of gynogenesis. 


AUTOSOMAL GENES INVOLVED IN PRIMARY SEX 
DETERMINATION IN THE TELEOST, ORYZIAS 
LATIPES. 

S. Hamaguchi’?,M. Sakaizumi” “Dept, Biol. 
Coll. Gen. Educ., Niigata Univ., Niigata, 
“The Tokyo Metropol. Inst.) sMedeauccnre 
Tokyo 


All offsprings are female from the cross 
between females of 0. latipes from the 
East Korean Population (EK) and males of 
0. curvinotus. This fact indicates that 
the testis-determining gene on Vl 
chromosome of 0. curvinotus cannot be 
functional in the presence of gene(s) of 
0. latipes from EK (Hamaguchi & Sakaizumi 
1990). In order to examine whether genes 
on X chromosome are involved in the male 
determination or not, Nl (EK X d-rf strain 
which belongs to the Southern Population 
of 0. latipes) and N2 (N11 X d-rF) females 
were mated with males of JO. curvinotus, 
and. the ‘sex of ‘their “offspringsmewene 
examined. From the cross between Nl and 
0. curvinotus, we obtained 181 females and 
11 males. The offsprings of N2 varied 
in sex-ratio (females/total) from 0.45 to 
1.00 with thier mother fish. Presence of 
X chromosome of EK in N2 females had no 
significant influence on the sex-ratio of 
the offsprings. These results indicate 
that more than 2 genes on autosomes, not 
on X chromosome, are involved in the 
primary sex determination. 


PIGMENTATION IN EMBRYONIC STAGES IN THE 
ALBINO MEDAKA INJECTED WITH MOUSE TYROSI- 
NASE GENE INTO OOCYTE NUCLEUS. 
Y. Hyodo-Taguchi, 1m. Schartl2 and Y. 
Kurihara.! InNatl. Inst. Radiol. Sci., Chiba, 
Gene Center, Max-Planck-Institute for 
Biochemistry, Munchen, Germany 
To studies of developmentally regulat- 

ed gene expression, minigene consisting 
mouse tyrosinase cDNA and tyrosinase geno- 
mic DNA were microinjected into the oocyte 
nucleus of albino medaka, which lacks mela- 
nophore pigmentation and its expression was 
examined by phenotypic pigmentation in 
injected fish and subsequent generations. 
About 14% (95) of the injected oocytes 
developed to late embryonic stages. Mosaic 
pigmentation of eyeball was observed in 13% 
(12) of the developing embryos but all pig- 
mentated embryos failed to hatch and died. 
About 3% (20) of the injected oocytes rais- 
ed to maturity, which were no pigmentation. 
Mating studies indicated that 2 of 10 fish 
examined produced several black embryos 
such as wild type embryos and many embryos 
with mosaic pigmentated eyes in the Fj 
progeny(B and C). Two of 13 pairs in Fj of 
line B produced black embryos and 7 of 20 
Fj pairs examined in line C produced black 
embryos in their F2 offspring. These black 
embryos were highly malformed and died 
before hatching. It is possible from these 
results that the introduced gene or its 
product impedes the normal development of 
embryos and some of introduced gene are 
transfered to next generation. 
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EYE DEFORMITY MUTANT AND FUSED VERTEBRA 
MUTANTS IN THE MEDAKA. 


H. Tomita. Lab. of Freshwater Fish Stock, 
Fac., of Sci., Nagoya Univ., Nagoya. 

The eye deformity(ey-1) and fused verte- 
bra(fu-6 and fu-7) mutants were found in 
the medaka (Oryzias latipes). 

In the ey-l mutant, the eyeballs of a- 
dult fishes were small in size and sunk 
in skin. The ey-l embryos and larvae had 
Marrow anterior chambers of eyes, and in 
some case, the small region of cornea 
Swelled out as a bubble. Some ey-1 lar- 
vae could not swim and died because of 
skeleton deformity. The ey-1 character 
is recessive and autosomal. 

The fused vertebra mutants (fu-6 and fin= 
7) showed that the notochords twisted all 
Sides at embryonic and larval stages. 

The fu-6 and fu-7 mutants were easily dis- 
tinguished from the wild type at embyonic 
and larval stages. Other fused vertebra 
mutants(fu, fu-2. fu-3, fu-4 and fu-5) did 
not show twisted notochords and they were 
checked after vertebral column formed com- 
pletely. The fu-6 females spawned a small 
number of eggs and the embryos died till 
blood circulation began. The fu-7 -fe- 
males were spawned and the offspring devel- 
oped normally. The fu-6 and fu-7 char- 
acters were recessive and autosomal. 


FURTHER CHARACTERIZATION OF RADIATION- OR 
ENU-INDUCED MUTATIONS AT THE b LOCUS OF THE 
MEDAKA, ORYZIAS LATIPES. 

A. Shimada and A. Shima. Lab. of Radiat. 
ime, OO). InSt., Fdec. of Sci., Univ. of 
Tokyo, Tokyo. 


In the course of experiments on radiation 
or chemical induction of specific-locus 
mutations using the Medaka, Oryzias latipes, 
more than 60 primary mutants at the b locus 
were obtained. We have so far established 
homozygotes of 11 ENU-induced and 6 gamma- 
ray-induced mutations. All of the ENU- 
induced mutations were homozygous viable. 
The extent of melanization on the body 
surface of homozygotes of bd4, bgl2, bt17, 
and bgl15 was intermediate between wild type 
and b(orange-red) fish, whereas that of bcl, 
bdS, be2, bd3, bd6, and bg13 was lower than 
that of b fish. Among the gamma-ray-induced 
mutations, only bs8 and bg8 were homozygous 
viable;the remaining 4, bt15, bs9, bdl, and 
bt16 were homozygous lethal. The embryonic 
Stage when development stops was specific to 
each mutation. The extent of melanization on 
body surface of bs8 and bg8 was lowest among 
the 17 induced mutations, indicating these 
are bottom alleles of the b locus. It is 
noteworthy that all the induced mutants have 
the eyes with reduced melanization. 
Moreover, the lighter was melanization on 
the body surface, the lighter on the eyes. 
These results suggest that although the b 
locus of the Medaka does not encode 
tyrosinase itself, it is closely related to 
melanine synthesis in the melanophores. 
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ISOLATION AND CHARACTERIZATION OF A’ DNA 


FRAGMENT CONTAINING REPETITIVE SEQUENCE 
FROM ORYZIAS MELASTIGMA GENOME. 
K. Naruse and A. Shima. Zool. Inst., Fac. 


of Sci., Univ. of Tokyo, Tokyo. 


We isolated a new DNA fragment (0M1) 
containing repetitive sequences from 0. 
melastigma genome. The OM1 was about 1.8 K 
base pairs in length and 0.5 K base pairs 
of OM1 was partially sequenced. No 
homologous sequence to this 0.5 K_ base 
pairs sequence could be found in the 
Genbank database. Judging from the 
Southern hybridization patterns, although 
the repetitive sequence(s) in OM1 was 
interspersed, it appeared tandemly repeated 
in some part of the genome. 

We examined the conservation of OM1 
among 13 species of fish. Under high- 
stringency condition, the OM1 hybridized to 
DNA of 7 species of the genus Oryzias and 
2 species of the genus Oncorhynchus. The 
intensity of hybridization signal to DNA 
from 2 species of the genus Oncorhynchus 
was surprisingly stronger than DNA from 7 
species of the genus Oryzias. Under  low- 
stringency condition, OM1l hybridized to DNA 
of 12 species except Anguilla japonica. The 
hybridization patterns of OMl1 to DNA 
treated with 19 restriction enzymes’ were 
Similar but not identical between Oryzias 
melastigma and Oncorhynchus mykiss. 
Isolation of fragment homologous to OM1 
from 0. mykiss genome is clearly necessary. 
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NUCLEAR TRANSPORT OF COFILIN IN CULTURED 
MUSCLE CELLS. 

H. Abe, R. Nagaoka, and T. Obinata. Dept. 
Of Bole, Chaba Univ.) chubal 2o0! 


Cofilin, a low Mr actin-modulating 
protein, is transported into the nuclei to 
form actin-cofilin rods, when cultured 
cells are exposed to heat or 10% 
dimethylsulfoxide (DMSO). The putative 
nuclear localization sequence (NLS), which 
ESF Samiekan) SEOn thatwOr sce 14 Ol eelangenesl 
antigen, has been detected in the cofilin 
sequence. However, it remains unclear 
whether this sequence is essential for 
nucleas Llocaliizacion Or CO mana  eenimentehaes 
study, we examined the nuclear transport 
Retealiahey, (one ela) ojoszatilaiin IHS Joy7 WIS AING; 
cultured myotubes. When the synthetic NLS 
peptide was conjugated to FITC-labeled 
bovine serum albumin and microinjected 
into the cytoplasm of myotubes, the 
fluorescence was accumulated in the nuclei 
within 30 min. The same resultS were 
obtained by adding the NLS-BSA into the 
myotubes permeabilized with digitonin. 
These results suggest that cofilin NLS is 


responsible for the transport of 
COLI ne atom chennuclei Ons thes soehen 
hand, it was observed that neither 
phosphorylation nor dephosphorylation of 
cofilin was required for the nuclear 
localization of this protein. When 
myotubes were treated with 203% DMSO, 
cofilin was localized in myofibrils 


without being transported into nuclei. 


LOCALIZATION OF COFILIN IN THE MYO- 
FIBRILS OF CHICKEN SKELETAL MUSCLES. 

Te Obinatal, M. Tsukahara! and Kelis 
Tokuyasu2. 1Dept. of Biol., Chiba Univ., 
Chiba, 2Dept. of Biol., Univ. of 
California, San Diego. 


Cofilin, a pH-dependent modulator for 
actin assembly, is involved in dynamic 
redistribution OF actin during myo- 
fibrillogenesis in embryonic skeletal 
muscle. In addition, cofilin is known to 
exist in adult skeletal muscle, most 
abundantly in slow muscle fibers. In this 
study, we examined the localization of 
cofilin in chicken skeletal muscles by 
immunocytochemical methods. Small pieces 
of slow ALD muscle were quick-frozen in 
lig N, and fixed with acetone at -20°c and 
4 % “paraformaldehyde (PFA). The longi- 
tudinal cryosections at 1 ym were prepared 
with a cryoultramicrotome as described by 
Tokuyasu (1986). The sections were stained 
dually with a combination of either anti- 
cofilin antibody (MAB-22) and phalloidin 
or MAB-22 and anti-myosin LC antibody. We 
concluded that cofilin is localized mostly 
in the I-bands of myofibrils by comparing 
the staining pattern of MAB-22 with those 
of the others. Binding affinity of cofilin 
to myofilaments appears weak, because the 
fixation with PFA alone was insufficient 
for immunocytochemistry, and Coreen 
diffused out from the ALD muscle, when the 
muscle was incubated in a saline solution 
(PBS) containing Triton X-100. 


VARIABLE DISTRIBUTION OF COFILIN DURING 
MYOFIBRIL ASSEMBLY IN CARDIAC MYOCYTES. 

R. Nagaoka, kK. Kusano, H. Abe, and T. 
Obinata. Department of Biology, Faculty of 
Science, Chiba University, Chiba. 


When cardiac myocytes were dissociated 
from embryonic hearts and cultured in 
vitro, the sarcomeric myofilaments are 
disassembled and then recovered gradually. 
Molecular mechanisms which lead to 
myofilament disassembly are poorly 
understood. In this study, we examined the 
localization of cofilin, a pH-dependent 
actin modulator, in the dissociated and 
recovering cardiac myocytes in culture by 


immunocytochemical methods. In the 
myocytes soon after dissociation, cofilin 
is diffused in cytoplasm. In the 


elongated cells, 3 d in culture, cofilin 
was associated with myofilaments or 
myofibrils. Cofilin accumulated in the 
terminal ruffling regions of spreading 
cells and in the filopodia of the 
contracting cells. The accumulation near 
the membrane was marked in the TPA-treated 
cells. When exogenous (KOE oh IL skig) was 
introduced into myocytes at pH 7 or 8, 
cytoskeletal actin filaments were dis- 
assembled but sarcomeric actin filaments 
were resistant, and cofilin was associated 
with the sarcomere only at the neutral pH. 
Thus, cofilin distribution varies 
remarkably in cardiac muscle cells, 
suggesting that it is involved in dynamic 
redistribution of actin in muscle cells. 


ADF AND COFILIN ARE CO-LOCALIZED IN INTRA- 
NUCLEAR ACTIN RODS IN DMSO-TREATED CELLS. 
S. Ono , H. Abe and T. Obinata . Dept. of 
Biols, Lack. Of /Scis.,, ChiibamUnusvey, me Canbar 


_ High sequence homology (70 % identity 
in amino acid residues) was observed 
between actin depolymerizing factor (ADF) 
and cofilin, a pH-dependent regulator of 
actin assembly. In the sequence of both 
proteins, a putative nuclear localization 
Signal was detected, which is homologous 
to that of SV40 large T antigen. Previous 
reports demonstrated that when cultured 
cells were treated with dimethyl sulfoxide 
(DMSO) or given a heat-shock, cofilin is 
transported into the nuclei to form actin- 
Cofilin “reds “(Nishida Tete alleen 1987). 
However, it remained unclear whether ADF 
can also be transported into nuclei. In 
this study, we prepared the antibodies 
specific for ADF and examined the 
localization of ADF in cultured muscle and 
non-muscle cells by immunocytochemical 
methods. Under standard culture 
conditions, ADF was diffused simply in the 
cytoplasm. When the cells were incubated 
in the medium containing 10% DMSO, ADF was 
transported in the nuclei. We observed 
that ADF and cofilin were co-localized in 
the same actin rods in the nuclei by 
staining dually with anti-ADF and anti- 
cofilin antibodies. However, cofilin was 
enriched in the actin rods in 
multinucleated myotubes, while ADF was in 
the actin rods in mononucleated cells. 
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SCAFFOLDING STRUCTURE OF MYOFIBRILS: 
DISTRIBUTION OF DESMIN. 
M. Kuroda. Dept. of Biol, Fac. of Sci. Univ. of Shimane, 
Matsue 

In order to confirm the model of desmin-net based 
scaffolding structure of myofibrils, we re-examined the 
localization of desmin in chicken skeletal muscle by 
immunofiuorescence microscopy. We found that desmin not 
necessarily restricted to the Z-line of myofibrils. 
Fluorescence in between adjacent Z-lines of a myofibril, ie. 
on both A- and I-band regions, was not negligible. Density 
analysis of negative films on the anti-desmin stained 
immunofiuorescence image dicated that average intensity 
on A/l-band area comprised 50-80 % of the fluorescence at Z- 
lines. In addition, it was shown that anti-desmin staining 
pattems of myofibrils varied depending on the extent of 
mechanical agitation that was applied when glycerinated 
muscle was dispersed into myofbrils. Relatively short 
myofibrils with 5-7 sarcomeres was obtained by 3-min 
homogeniztion. Although most of these myofibrils showed 
distinct Z-lines under phase images, about 40% of such 
myofibrils lacked fluorescence on Z-lines. It appeared that 
binding of desmin around Z-lines was stabilized by bundling 
of myofibrils in side-by-side manner. Corres ponding to the 
immunofluorescence study, SDS-gel and immunoblotting 
analysis indicated that desmin was easily released from 
myofibrils by homogenization. 


EFFECTS OF ACTIN ASSOCIATED PROTEINS ON THE 
ASSEMBLY OF DESMIN IN THE PRESENCE OF ACTIN. 
A.Terasaki and K.Ohashi. Dept. of Biol., 
Fac. of Sci., Chiba Univ., Chiba. 

Chicken gizzard desmin assembles into 10 
mm filaments in a solution containing 0.15 
M NaCl, 25 mM sodium phosphate buffer, pH 
6.8 (assembly buffer). When the mixture of 
desmin protofilaments (0.1 mg/ml) and G- 
actin (0.1 mg/ml) was incubated in the 
assembly buffer for 2 h, both the assembly 
of desmin and the polymerization of actin 
were heavily inhibited. We added chicken 
gizzard tropomyosin (0.03 mg/ml),-actinin 
(0.025 mg/ml), and filamin (0.07 mg/ml) to 
the mixtures of desmin protofilaments and 
G-actin respectively. Each suspension was 
incubated in the assembly buffer. In each 
case, desmin became to assemble into 10 nm 
filaments and actin filaments were also 
observed. 

Z-protein, a Z-line component of skeletal 
myofibrils, accelerated the assembly of 
desmin. In the presence of Z-protein, 
actin was polymerized into short filaments, 
which were entangled and bundled into large 
aggregates. When Z-protein (0.025 mg/ml) 
was acded into the mixture of desmin and 
actin in the assembly buffer, desmin 10 nm 
filaments were often packed side by side 
and formed large aggregates. In this case, 
amorphous aggregates and short filaments of 
actin were existed only arround the desmin 
filaments. t is possible that Z-protein 
binds desmin filaments to actin filaments 
at Z-lines of skeletal myofibrils. 


DETECTION OF VERY HIGH MOLECULAR WEIGHT 
CONNECTIN-LIKE PROTEINS IN ASCIDIAN AND 
SEA-CUCUMBER MUSCLE. 

Y. Nakauchi and K. Maruyama. 

Dept .Biol., Fac.Sci., Chiba Univ., Chiba. 


There are connectin family proteins, 
twitchin, projectin, and mini-titin, in 
invertebrate muscle. The molecular masses 
range from 600 to 1200kDa. 

Mantle muscle of ascidian, Halocynthia 
roretzi contained 2000kDa protein that 
reacted with monoclonal antibody, 3B9, 
against chicken skeletal muscle 
connectin. A 2500kDa protein reactive 
with 3B9 was present in whole homogenates 
of its tadpole larvae. Immunofluorescence 
using 3B9 showed that the 2500kDa protein 
was localized in the muscle tissue of the 
tadpole tail. 

It was also ovserved that a very high 
molecular weight ( 3000kDa) connectin- 
like protein was present in radial 


longitudinal muscle of holothurioid 


Stichopus japonicus. 


A 1200 KDA FRAGMENT SPECIFIC TO 
a-CONNECTIN OF CHICKEN LEG MUSCLE. 

Ss Ohtsukal, S. Kimura’, Ze Manabe!, Xin 
Kawamural, A. Matsuno“, and kK. Maruyama! 


1hept. Biot, ebdos stsCl.,. Chaba Unive, 


Chiba. Dept. Biol., Fac. Sci., Shimane 


Univ., Matsue. 


A 1200kDa fragment was isolated from 
aged myofibrils of chicken leg muscle. 
Newly prepared monoclonal antibody, a7, 
against 1200kDa fragment reacted with 
a-connectin but not with B-connectin. 

Immunofluorescence and immunoelectron 
microscopy revealed that a7 binds to the 
epitope in the I band and movable 
depending on sarcomere length. 

It is concluded that the 1200 kDa 
fragment covers the region of a-connectin 
located between the Z line and the 
epitope to a7 in the sarcomere. 

SMl1 binds to the epitope slightly 
nearer to the edge of the A band than 
epitope to a7, and SMl is not rea 
with the 1200 kDa fragment. 
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MYOSIN FROM BODYWALL MUSCLE OF THE 
ANNELID, URECHIS UNICINCTUS. 

N. Kanzawa, Y. Kawamura and K. Maruyama 
Dept. Of (Bice hace VOL Scan machi ba 
Univ., Chiba. 


In 1954, one of the authors reported 
ATPase activity of actomyosin from 
bodywall muscle of the annelid Urechis 
unicinctus. In this work, Urechis myosin 
was purified to homogeneity. Urechis 
myosin consisted of 220 kDa heavy chain 
and 2 species of light chains (19 and 24 
kDa). Mg**-activated myosin ATPase was 
remarkably enhanced by actin (from 0.005 
to 0.23 umoles/mg/min ) and greatly 
inhibited by EGTA. This is to confirm 
the results by Kendrick-Johnes et al. 
(1976), suggesting that Cac regulation 
of the actomyosin-ATP interaction is due 
to the Ca binding of the regulatory light 
chain as in scallop adductor muscle. 

It was observed that Urechis body wall 
muscle consists of smooth muscle cells 


with thick filaments (diameter, 40nm). 


ELASTIC CONNECTIN FILAMENTS IN GIANT 
SARCOMERES OF CRAYFISH CLAW MUSCLE. 

T. Manabe, S. Kimura, and K. Maruyama. 
Dept. Vote Biol Fac. = OL Sci, = schilba 
Univ., Chiba. 


Crayfish claw muscle myofibrils 
contain giant sarcomeres, the length of 
which is as large as 10um at rest. 
Projectin, connectin family protein 
(1200kDa) is too small to link the myosin 
filament to the Z line. 

In crayfish giant sarcomeres there is 
3000kDa protein which is reactive with 
antibodies to rabbit or chicken skeletal 
muscle connectin. We have raised 
antiserum against the 3000kDa protein. 
Immunofluorescence showed that the 
epitopes in the I band moved when 
myofibrils were stretched or contracted. 
Immunoelectron microscopy revealed that 
the antibodies bound both to the outer 
side of the Z line and the A-I junction 


region. 


MOLECULAR SHAPE OF DYSTROPHIN. 


O. Sato’, ve Nonomura’, and K. Maruyama 


tpept - Biol), bac. «Sel ., .Chatbamsuneauese 
Chiba. Dept. Pharmacol., Fac. Med., 


Univ. Tokyo, Tokyo. 


Dystrophin, the product of Duchenne 
muscular dystrophy gene, was highly 
purified from rabbit skeletal muscle. The 
rotary shadowed images of isolated 
dystrophin (427kDa) were largely flexible 
rods 100nm long and spherical dots. When 
subjected to HPLC gel chromatography, the 
first eluted fraction mainly consisted of 
dumpbell structure (unit length, 120nm). 
The main peak contained flexible rods and 
spheres. 

The dumpbell fraction consisted of 
430kDa dystrophin band reactive with 
antibodies to dystrophin. The dumpbell 
unit is regared as dystrophin tetramer. 
Probably, this tetramer structure is 
dissociated into flexible rods with 
spheres during extraction with a 


detergent and subsequent preparation. 


52KD PEPTIDE FROM CHICKEN GIZZARD SMOOTH 
MUSCLE. I. PURIFICATION AND PARTIAL 
CHARACTERIZATION. 
H.Nakagawa and K.Ohashi. Dept. of Biol., 
Face of Scie, Chiba Unaws) i Chitbar 

We purified a peptide, which is localized 
at the ruffling membranes of cultured cells, 
from chicken gizzard smooth muscle. The 
apparent Mr of this peptide on SDS-PAGE was 
52,000. Chicken gizzard smooth muscle 
(80g) was homogenized and washed well with 
PBS. Myofibrils were extracted with a low 
salt alkaline solution (pH 9.0). Extracted 
residue was successively extracted with 
Hasselbach-Schneider solution. Ammonium 
sulfate was added in the extract. The 
fraction precipitated at 30% saturation 
of ammonium sulfate was collected and 
fractionated on a hydroxylapatite column. 
The peak containing 52kD peptide was 
applied onto a DEAE-Sephacel column. Pure 
52kD peptide (0.2 mg) was eluted at the 
NaCl concentration of 0.26 M. This peptide 
was focused in a single spot by two- 
dimensional gel electrophoresis. Its pI 
value was 5.8. Specific antibody against 
52kD peptide was raised in a rabbit. 
According to the immunoblot test, this 
antibody also reacted with the 52kD peptide 
bands of chicken breast muscle, heart 
muscle, and brain. Talin and vinculin 
could bind with 52kD peptide in PBS but 
&-actinin could not. In cultured cells, 
strong immunofluorescence of 52kD peptide 
was observed at the ruffling membranes but 
not at the adhesion plaques. 
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52KD PEPTIDE FROM CHICKEN GIZZARD SMOOTH 
MUSCLE. II. IMMUNOELECTRON MICROSCOPIC 
LOCALIZATION IN CULTURED CELLS. 
H.Nakagawa, A.Terasaki, and K.Ohashi. 
Dept. of Biol., Fac. of Sci., Chiba Univ., 
Chiba. 

Cultured embryonic gizzard smooth muscle 
cells were fixed with PBS containing 3% 
paraformaldehyde and permeabilized with PBS 
containing 30% glycerol. Then twenty fold 
diluted antiserum against 52kD peptide was 
poured in the cultured dish and incubated 
for 6 h. After wased well with PBS, the 
cells were reacted with the secondary 
antibody coupled to 5 nm gold for 6h. 

The cells were washed well, fixed in 2.5% 
glutaraldehyde+l1% tannic acid, postfixed 
with 1% osmium tetroxide, dehydrated in 
ethanol and embedded in Epon. Then the 
cells were thin sectiond and viewed with an 
electron microscope. 

Gold particles were abundantly observed 
around the membranes of microspikes and 
cell-cell contact regions. In the micro- 
spikes, gold particles markedly decorated 
its tips. At the microspike tips, the 
ends of actin filament bundles bind to 
the plasma membrane. In vitro, 52kD 
peptide inhibited the anealing of actin 
fragments made by the sonication of F- 
actin. Terefore, 52kD peptide probably 
bind to the end of actin filaments. These 
results suggest that 52 kD peptide may play 
some role on the actin filament anchorage 
to the plasma membrane of microspike tips. 


ON THE RETARDED MOBILITY OF TROPOMYOSIN IN 
SDS GEL ELECTROPHORESIS IN THE PRESENCE OF 
UREA. 

T.Ishimoda-Takagi, A.Koeda and M.Kozutsumi. 


Dept. of Biol., Tokyo Gakugei Univ., Tokyo. 


It is a characteristic feature of tropo- 
myosin that its electrophoretic mobility on 
SDS gel is retarded in the presence of 
urea. However, the reason of the anomalous 
mobility of tropomyosin is still obscure. 
In the present study, we investigated the 
relationship between the retarded mobility 
and the molecular structure of tropomyosin. 
Chicken skeletal muscle a-tropomyosin was 
treated with various proteolytic enzymes 
and 2-nitro-5-thiocyanobenzoic acid (NTCB), 
a reagent for cleaving the peptide bond at 
the cysteinyl residue. When a-tropomyosin 
was digested with trypsin, several trypsin- 
resistant fragments were recognized. Only 
the C-terminal side fragments, which 
contained the cysteinyl residue (Cys 190), 
revealed the retarded mobility. The C- 
terminal side fragment with the apparent 
molecular weight of 11,000, which was 
produced by cleavage of a-tropomyosin at 
the site between Lys 189 and Cys 190 with 
NICB, also showed the retarded mobility. 

In order to clear the molecular site relat- 
ed to the retarded mobility, a-tropomyosin 
was further digested with carboxypeptidase- 
A and -Y. From analyses of the C-terminal- 
digested fragments, it was suggested that 
the molecular site around the residues 230 
to 260 was significantly related to the 
retarded mobility of tropomyosin. 


CALCIUM TRANSPORT SITES IN THE Ca2+-ATPase 
OF RABBIT SKELETAL SARCOPLASMIC RETICULUM 
ARE IN SOME TYPE OF STATE 'CLOSED' TO 
AQUEOUS ENVIRONMENT. 
ow Nasemure, ~BiGi. Inst, , Fae. of Sci. , 
Tohoku Univ. 

tn Order to7obhtaine Structiwa Ll 
information of the calciun transport sites 
in the Ca2+-ATPase molecule of the rabbit 
skeletal sarcoplasmic reticulum, calcium 
binding of the calcium transport sites 
were compared with that of the substrate 
site in the ATPase, which was induced by 
phosphorylation of the enzyme, in the 
absence of added Mg2+ at pH 7.0 and 0 °c. 
Calcium affinities of the both sites at 
equilibrium were almost the same with a 
Ko value, of whout 2. '6..pM./) Hill 
Seeeeclents of both binding were also 
very similar (n,~1.3). When free, 
unbound calcium was removed by a calcium 
chelator of EGTA, calcium bound to the 
transport sites was dissociated at a rate 
(ty /2) of about 2s. On the other hand, 
calcium on the substrate site was 
dissociated within 2s. Based on these 
results, the association rate of calcium 
to the transport sites is thought to be 
much slower than that to the substrate 
site. In other words, the transport sites 
seem to be at a position of the ATPase 
moleculue 'closed' to aqueous environment. 


MYOSIN ISOFORMS AND THEIR LOCALIZATION 
IN CYTOSOL AND MEMBRANE FRACTIONS OF 
PERITONEAL NEUTROPHILS FROM GUINEA PIG. 
H. Takano-Ohmuro',M. Kaneda*, K.Kakinuma’, K. 
Kohama*, and M.Endo'. ‘Dept.of Pharmacol. Fac. 
of Med., Univ.of Tokyo,Tokyo, *Tokyo Metro. 
Inst. Med.Sci., Tokyo, and *Dept.of Pharmacol. 
Fac. of Med., Gunma Univ. Maebashi 

We compared myosin isoforms present in 
cytosol fraction with those in membrane 
fraction from peritoneal neutrophils after 
eliciting with casein sodium. Electrophoretic 
and immunochemical analyses of myosin in the 
neutrophils of both fractions detected two 
isoforms which differed in HCs not in LCs. The 
isoforms contained three kinds of LCs. Myosin 
content in the membrane fraction was as high 
as that of cytosol fraction. However, the 
content in the membrane fraction from blood 
neutrophils in resting state was very low. The 
isoform analyses failed to detect difference 
between the fractions, suggesting that some 
modifications of myosin molecule might cause 
the myosin isoforms kept in membrane fraction 
in the peritoneal neutrophils. The difference 
in the phosphorylation levels of LCs was too 
small to explain the difference between the 
fractions. Rather, we speculate that the 
peptides associated with the myosins may be 
responsible for the difference between the 
fractions. This is because the myosin in thr 
membrane fraction contained four peptides 
addition to HCs and LCs. However, thes 
peptides did not detected in the my in 
isoforms of the cytosol fraction. 
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MITOSIS-SPECIFIIC PHOSPHORYLATION OF 
MYOSIN LIGHT CHAIN KINASE 


H. Hosoya’'?, K.Yazaki', R.Kobayashi®, 
S. Yamashiro’, F.Matsumura®’. 'Tokyo 
Met. Inst. Med. Sci.,Tokyo, ?Nagoya 
Univ., Nagoya and *Rutgers Univ.,NJ, USA. 


Cytosol preparations from mitotically 
selected Hela cells exhibited much higher 
kinase activities to phosphorylate myosin 
light chain kinase (MLCK) than the 
preparations from non-mitotic cells. 

Based on substrate specificity and lack of 
sensitivities to characteristic activators 
or inhibitors, this MLCK kinase activity 
appears to be distinct from A-kinase, cGMP- 
dependent protein kinase, C-kinase or Ca®*- 
calmodulin dependent protein kinase 1]. 
Addition of Ca?* and calmodulin to mitotic 
cytosol inhibited net MLCK phosphorylation. 

The phosphorylation occurs at a Thr 
residue and one mol of phosphate is 
incorporated per mol of chicken gizzard 
MLCK. Phosphorylation of MLCK with this 
mitosis-specific kinase increased the 
dissociation constant of MLCK for 
calmodulin. These results suggest that 
the mitosis-specific phosphorylation of 
MLCK regulates actomyosin activities during 
mitosis. 


ISOLATION OF CLEAVAGE FURROWS FROM DIVIDING SEA 
URCHIN EGGS AND ANALYSIS OF THE PROTEIN 
CONSTITUENTS BY TWO DIMENSIONAL GEL 
ELECTROPHORTESIS. 

H. Fujimoto and I. Mabuchi. Dept. of Biology, 
College of Arts and Sciences, Univ. of Tokyo, 
Meguro-ku, Tokyo. 

It is widely accepted that animal cells 
divide by the progression of the cleavage 
furrow, through the interaction of myosin and 
actin filaments. However, its mechanism has not 
been well understood. Recently, isolation of 
cleavage furrows from dividing sand dollar eggs 
(Clypeaster japonicus) has been successful in 
this lab., But the isolation from other spieces 
has been very difficult. We attempted to 
develop a procedure for mass isolation of 
cleavage furrows from dividing sea urchin eggs 
(Hemicentrotus pulcherrimus). Using an isolation 
medium containing 50mM NaF and 50mM $- 
glycerophosphate, which are known to inhibit 
protein phosphatase activities, we were able to 
isolate cleavage furrows. Light microscopic 
observation showed that the isolated cleavage 
furrows were attached to mitotic spindle under 
these conditions. Without NaF and £- 
glycerophospnate, the mitotic spindles 
disappeared, while the recovery of the cleavage 
furrows was extremely low. Two-dimensional gel 
electrophoresis revealed several protein spots 
specific to the cleavage furrow fraction. Upon 
comparison of protein constituents of the 
cleavage furrows between H.pulcherrimus and 
C.japonicus, we found some common spots. 


COVALENT PROTEIN MODIFICATIONS IN THE BRAIN OF 
METHYLMERCURY (MeHg)-TREATED RATS. 

Harutaka Yagame, You Ishida. Yumi Nouka, Hiroaki 
Isono, Tsuneyoshi Horigome and Saburo Omata. 
Department of Biochemistry, Faculty of Science, 
Niigata University, Niigata. 


The in vivo effect of MeHg (10 mg/kg/day, x7) on 
endogenous protein phosphorylation, carboxymethyl- 
ation of proteins and tyrosination of a -tubulin 
was studied in the brain cytosol fractions of 
acutely poisoned rats. Analyses of the in vitro 
phosphorylated protein species on 2D-PAGE showed 
that the effect of MeHg was not uniform for indi- 
vidual protein species and that both enzymes and 
substrates for phosphorylation were affected by 
MeHg. The **P-peptide mapping patterns of the 
major protein species were similar in control and 
MeHg-treated rats. Carboxymethylation in the brain 
was reduced whereas it was elevated in the liver 
by MeHg. Tubulin-tyrosine ligase activity was 
reduced towards the symptomatic period of in- 
toxication. Determination of tyrosination before 
and after treatment with carboxypeptidase A, 
together with estimation of tubulin contents, in- 
dicated that the population of the  non- 
tyrosinatable tubulin was reduced in the brain of 
MeHg-treated rats. These results suggest that the 
covalent modifications of protein species is an 
underlying mechanism of the MeHg action in 
nervous systen. 


CHANGES IN THE PATTERN OF COLLAGEN 
SYNTHESIS BY RAT MESENCHYMAL CELLS DURING 
THE FETAL STAGE OF DEVELOPMENT. 

Y. Motobayashi_and S. Ihara’, Dept. 
Biochem., and “Dept. Plastic Surg., 
Kitasato Univ. Sch. Med., Sagamihara. 

Our previous studies on fetal wound 
healing suggest that a qualitative altera- 
tion happens to rat fetal mesenchyme be- 
tween fetal day 16 and day 18. Fetal 
skin, unlike adult skin, is known to have 
an abundance of type III collagen. In rat 
fetal skin, however, the age-associated 
change in synthesis of type I and type III 
collagen is poorly understood. In this 
study, we determined the contents and the 
synthetic rates of type I and type III 
collagen in the fetal skin of various 
ages. SDS/urea-PAGE showed that the molar 
ratio of al(III)/ai1(1I) reduced by half 
(0.9 to 0.4) between day 16 and day 20, 
while total collagen content (by [hypro] ) 
increased 3.3 times. In contrast, the 
ratio of synthesis of al1(III)/ai(1) by 
fetal mesenchymal cells (FMC) cultivated 
in primary cell culture increased (0.3 to 
0.45) between day 16 and day 18, as dem- 
onstrated by SDS/urea-PAGE followed by 
fluorography. Conversely, the data on the 
fetal skin cultured in an organ culture 
system indicated that this ratio decreased 
(0.5 to 0.3), roughly consistent with the 
results in vivo. Consequently, further 
examination using an in vitro model sup- 
plemented with the other ECM-components is 
needed for elucidation of modulation 
mechanism of collagen synthesis by FMC. 
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cDNA CLONING OF SKIN COLLAGENASE OF 
BULLFROG TADPOLE (Rana catesbeiana) 

K. Oofusa and K. Yoshizato 

Molecular Cell Science Lab., Zool. 
ms... Frac. ‘of Sci., Hiroshima: Univ., 
Hiroshima 


Mammalian collagenases were well char- 
acterized and their cDNAs were cloned from 
human, porcine, rabbit and mouse. However 
collagenase of other vertebrates has been 
poorly characterized. To characterize 
tadpole collagenase in relation to its 
roles in the process of metamorphosis- 
associated tissues degradation, cDNA 
cloning was performed. The cDNA library 
was constructed from poly(A)* RNA obtained 
from cultured back skin of bullfrog 
tadpoles. Seven positive clones were 
obtained by the immunoscreening using anti- 
tadpole collagenase antisera. The insert 
size of all these clones was estimated 
about 1200 base pairs. One of these 
clones was named Tscl and was subjected to 
DNA sequencing and RNA blot analyses. The 
nucleotide sequence of C-terminus region of 
this clone was homologous to mammalian 
collagenases. The RNA blot analysis of 
tadpole tissues using Tscl revealed that 
thyroid hormone (TH) induces collagenase in 
the body and increased the amount of colla- 
genase mRNAs in the tail. In addition to 
this, the same analysis using cDNA of alpha 
gb chain of human type I collagen (Hf677) 
as a probe demonstrated that collagen syn- 
thesis of TH-treated animal increased in 
the body and decreased in the tail. 


AN ATTEMPT TO DETECT COLLAGEN IN MESOZOA 
M. Tomita, S. Izumi, S. Tomino and 
K. Yoshizato#. Dept. of Biology, Tokyo 
Metrpolitan Univ. Tokyo and #Zool. Inst. 
Hiroshima Univ. Hiroshima 

Collagens are extracellular substances 
widely distributed among metazoan species 
ranging from sponge to human being, whereas 
their occurrence in protozoans has _ never 
been demonstrated. These facts posed an 
intriguing question on the evolutional 
origin of collagen genes and their possible 
correlation with multicellular body struc- 
tures. Thus, in the present study, an 
attempt was made to investigate whether 
mesozoans contain collagens or collagen 
genes. 

The dicyemid mesozoans were collected 
from the renal appendage of octopus’ and 
cultured according to Lapan and Morowits. 
Protein extracts of dicyemids were analy- 
zed by immunoblotting by use of an anti- 
body against sea urchin collagens. The 
antibody reacted with bovine, jellyfish 
and shellfish collagens but not with the 
dicyemid proteins. Hydroxyproline was not 
detectable in the hydrolysate of totai 
dicyemid proteins. Southern and Northern 
blot analyses of nucleic acids from 
dicyemid with the sea urchin collagen cDNA 
under relatively mild stringency also 
failed to give any significant hybridiza- 
tion signals. These results indicate that 
the dicyemid mesozoa lacks genomic sequence 
complementary to the sea urchin collagen 
gene. 


COLLAGENS OF JELLYFISH Aurelia aurita 
A‘ Sato!, Ke Leora teu an Olu, Kinoshita!’ and 
K. Yoshazator. 

Mol. =Ceill > SGhe abs foZool. \Tnst.: “Faex” of 
ci., Hiroshima Univ., Hiroshima and 

Develop. Biol. Lab., Dept. of Biol., Fac. 
of Sci., Tokyo Metropolitan Univ., Tokyo. 

Collagens extracted and purified from 

the jellyfish Aurelia aurita were biochem- 
ically and immunologically characterized. 
Of solubilized collagen, 93% was extract- 
able with 1M NaCl containing 0.05 M Tris- 
HC] (pH7.5). The purified jellyfish colla- 
gen was completely digestible with a 
nonspecific protease-free bacterial col- 
lagenase. Collagens were subjected to 
SDS-PAGE and were found to contain five 
-chains. Major two bands of them had 
greater mobility than OQ-chains of bovine 
type I collagen. The immunoblot analysis 
showed that three O-chains of jellyfish 
collagens intensively cross-reacted with 
anti sea urchin collagen antibody which had 
been shown to react with bovine type I 
collagen. Immunohistochemical study 
revealed that mesogloea and both the 
endoderm and ectoderm cell layers cross- 
reacted with the antibody described above. 
These results suggest the following; 
jellyfish collagen molecules have few 
crosslinks and parts of Structure are 
similar to that of bovine type I collagen; 
collagen exists as fibrous forms in meso- 
gloea and layers of both the endoderm and 
ectoderm. 


SYNTHESIS AND ROLES OF COLLAGEN DURING 
RECONSTATUTION BY DISSOCIATED SPONGE CELLS. 
K. Shimizu-’* and K. Yoshizato“~. 

lnevelop. Bio!) Lab.aeDeptr! of8 Biol., rac. 
of Sci., Tokyo Metropolitan Univ., Tokyo 
and 2Mol. Celuiosens,, dlabie' \Zool.!\instuy Fac. 


of Sci., Hiroshima Univ., Hiroshima. 


It has been known that dissociated 
sponge cells reconstitute their body, but 
unknown is the mechanism of building of 
systematic multicellular structure. Colla- 
gen is one of main architectural components 
of multicellular animals including sponges. 
Synthesis and roles of collagen during the 
reconstitution process was examined in this 
study using radioactive tracer [**C]-pro- 
line and inhibitors of collagen synthesis. 
Dissociated cells from demosponge Haliclona 
permolis formed aggregates in the first 
step, and aggregates were attached to sub- 
strates and then elongated on the surface 
to fuse with other aggregates. Incorpora- 
tion of [**C]-proline into proteins was 
observed during reconstitution and 17 % of 
proline incorporated was transformed to 
hydroxyproline, indicating that dissociated 
cells synthesize collagen. Cycloheximide, 
an inhibitor of protein synthesis, @, d’- 
dipyridyl, an inhibitor of collagen synthe 
sis, B-aminopropyonitrile, an inhibitor 
crosslink formation, repressed attachme 
and elongation of aggregates. These re: 
suggest that newly synthesized and 
linked collagen is involved in attachment 
and elongation of aggregates. 
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INTERACTIONS OF CATIONS TO EARTHWORM GIANT 
HEMOGLOBIN. 

T. Ochiail, H. Tanaka2 and I. Usuki3. 
]1Dept. of Biol., Fukushima Med. Coll., 
Fukushima, 2Dept. of Biol., Fac. of Sci. 
and 3Dept. of Biol., Coll. of Gen. Educ., 
Niigata Univ., Niigata. 

In oligochaete giant hemoglobin (Hb) 
some cations have been considered to play 
a dual role, one is structurally and the 
other is functionally. We analyzed the 
cation content in earthworm Hb, with 
reference to a terrestrial species 
Pheretima hilgendorfi and an aquatic 
species Tubifex hattai. Both of the 
purified Hbs contained some cations which 
could not remove completely even if 
exhaustive dialysis to water was made, and 
the cation contents were the same level, 
as 31-33 Ca, 1 Mg, 1-2 Zn and O-1 Cu per 
164 Fe atoms in one Hb molecule. On the 
other hand, P. hilgendorfi Hb was 
increased the oxygen affinity by 100 mM Ca 
or Mg, accompanying of an increase of the 
cooperativity at alkaline pH. Moreover, Zn 
at only 1 mM caused a noticeable increase 
of oxygen affinity at neutral pH and a 
decrease of cooperativity at alkaline pH. 
In T. hattai Hb, however, all of these 
cations gave no significant effect. The 
fact may indicate that both of the 
earthworm Hbs bind the cations at 
homologous sites for their structural 
stability, whereas their functional 
reactivity differs greatly between the 
terrestrial and aquatic species. 


LINKER CHAIN OF ANNELID EXTRACELLULAR GIANT 
HEMOGLOBIN. GENE STRUCTURE AND FUNCTION. 
T.Suzuki and A.Riggs. Dep.Biol., Fac.Sci., Kochi 
Univ., Kochi and Dep.Zool., Univ. Texas, Texas 

Annelid giant hemoglobin consists of four 16-17 
kDa heme-containing chains and two non-heme 24-26 
kDa linker chains. The linker chains are required 
for the assembly of the heme-containing subunits. 
Our primary concern for the linker chain is _ its 
evolutionary origin, that is whether the linker is 
derived from a protein quite different from 
hemoglobin, or results from gene duplication and 
fusion of heme-containing chain. 

We have determined the gene structure of a 
linker chain from Lumbricus hemoglobin. The 
nucleotide sequence was constructed from three 
fragments amplified separately by PCR. The linker 
gene had two intron-three exon structure, but the 
positions of splice junctions were quite different 
from those of globins. This suggest that the 
linker and heme-containing chains have a different 
origin. 

Considering the gene structure, S-S bridge 
formation and hydropathy profile of linker chain, 
we separated the linker chain into three domains. 
Domain 1 plays an essential role for the dimeric 
structure of linkers. Domain 2 (40 residues) have 
a characteristic cysteine motief, that may be 
associated with some metal binding. Domain 3 (120 
residues) contains two pairs of intra-chain S-S 
bridges. The mode of the bridges is the same as 
that of carbohydrate recognition domain of a 
animal lectin. We propose that the domain 3 of the 
linker chain recognizes the carbohydrates of heme- 
containing subunits and assembles them to make up 
a giant molecule. 


PROTOZOAN MYOGLOBIN FROM PARAMECIUM 
CAUDATUM: ITS AUTOXIDATION REACTION AND 
HEMICHROME FORMATION 

A. Matsuoka, Y. Tsubamoto and K. Shikama. 


Biol. Inst., Tohoku Univ. Sendai. 


Paramecium myoglobin consists of 116 
amino acid residues with a molecular mass 
of 12.5 kD, this being much smaller than 
sperm whale myoglobin by 37 residues and 
its sequence homology being extremely low 
[Iwaasa et al-., dd. Mol. Buel 208 aero 
(1989)]. Native oxymyoglobin (MbO>) was 
therefore isolated directly from the 
cultivated mass of Paramecium caudatum 
(syngen 3, stock StG1) and was examined 
for its spectral and stability properties. 

When compared with sperm whale MbO, as 
a reference, Paramecium MbO> was found to 
be much more susceptible to autoxidation 
over a wide range of pH(4-11) in 0.1 M 
InnieEaie aie DSC. Kinetic analysis has 
revealed that a proton-catalyzed process 
can play a dominant role in the 
autoxidation reaction of Paramecium MbO> 
to metMb, as in the case of sperm whale 
MbO, involving the distal histidine as its 
catalytic residue. 

At pH values higher than 9.5, however, 
Paramecium MbO> was oxidized to yield a 
hemichrome. The spontaneous formation 
of hemichrome is at variance with the 
other known myoglobins and was therefore 
discussed in relation to the unusual amino 
acid sequence of Paramecium Mb. 


AMINO ACID SEQUENCE OF HEMOGLOBIN FROM 
YEAST (Candida norvegensis). 

H. Iwaasa, T. Takagi and K. Shikama. Biol. 
Inst, Fac. of Sci., Tohoku Univ., Sendai 


We have determined the complete amino 
acid sequence of the hemoglobin from yeast, 
Candida norvegensis (IFO-0734). In our 
analysis, the lysyl endopeptidase peptides 
of the protein were primarily used, and at 
the same time the nucleotide sequencing of 
PCR products of the cDNA were also 
performed for overlapping. 


SAAKOLFKIVPLTPTEINFLOSLAPVVKEHGVTVTSTMYK 
YMFOTYPEVRSYFNMTNOKTGROPKVLAFSLYOYILHLND 
LTPISGFVNOIVLKHCGLGIKPDOY PVVGESLVQAFKMVL 
GEAADEHFVEVFKKAYGNLAQTLIDAEASVYKTLAWEEFK 
DERVTKLVKEAEDVTSVYLTPVDGFKLKPI ITPGEYISFRW 
DIHNPDITDIQPREYSISQDVKENEYRISVRDIGIVSDYI 
NKKLOVGDIVPVHAPVGTMKYDSISKKGKVAVLAGGIGIT 
PMIPIITEHALKDGKDVELY YSNRSYQSEPFREFFSNLEKE 
NNGKFKLNNY ISAENQKLOVKDLEHINPDEYDVYLLGPVA 
YMHEFKTYLVGKGVSDLKMEFFGPTDP 


This hemoglobin consists of 387 amino 
acid residues, with the N-terminal part of 
positions 11 - 156 showing the maximum 
sequence homology (39.0 % identical) with a 
bacterial hemoglobin from Vitreoscilla. 
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POLYMORPHIC HEMOGLOBIN FROM A MIDGE 
LARVA (Tokunagayusurika akamusi). 

M. Fukuda, T. Takagi and K. Shikama. Biol. Inst., 
Fac. of Sci., Tohoku Univ., Sendai. 


The hemoglobin from the 4th-instar larva 
of Tokunagayusurika akamusi, a common midge 
found in eutrophic lakes in Japan, separated into 
as many as 11 components on a DEAE-cellulose 
column. On the basis of their spectroscopic 
properties as well as 40 amino acid sequences at 
N-terminus, these can be divided into two 
different groups, one being named as Normal- 
type (N-type) and the other as Low-type (L- 


type). 

Since the major difference between them 
seemed to be the presence or absence of the 
distal-His, which plays an important role in 
Stabilizing the bound dioxygen, the complete 
amino acid sequence was determined of 
component VII (N-type) and component V (L- 
type). As expected, the former hemoglobin has 
His at position 64, which may correspond to the 
distal one, but the latter lacks it and was 
replaced by Ile. 


EXPRESSION OF TETRAHYMENA ACTIN GENE _ IN 
DICTYOSTELIUM CELLS. 

M.Hirono!, K.Kurita!, J.Kurashima!, T.Ohno! 
K.Sutoh2 and Y.Watanabe?. 1!Cell Bank, Inst. 
of Phys. Chen. Res. (RIKEN), Tsukuba, 
2Dept. of Pure and Applied Sci., Univ. of 
Tokyo, Tokyo, Shee. “Gt Biol) Serr, Univ. 
of Tsukuba, Tsukuba. 


We previously reported that Tetrahyme- 
ma actin has some unusual properties and 
that transient expression of the gene in 
COS-1 cells slightly affected to division 
of the cells. To know more about the influ- 
ence of Tetrahymena actin on cell division, 
we transfected Tetrahymena actin gene to 
Dictyostelium cells which have usual type 
of actin. We succeeded to get some clones 
that constitutively express large amount of 
recombinant Tetrahymena actin. Expressed 
Tetrahymena actin could be extracted with a 
low ionic strength buffer from acetone 
powder of transformed cells, suggesting 
that the recombinant actin is produced as 
native form. Cell shapes of transformants 
with Tetrahymena actin gene were less 
stretched than those of transformants with 
Dictycstelium actin gene. The average 
growth rate of transformants with Tetrahy- 
mena actin gene was three-times less than 
those of transformants with Dictyostelium 
actin gene. These results suggested that 
expression of Tetrahymena actin gene af- 
fects the shape and division of Dictyoste- 
lium cells, probably because Tetrahymena 
actin has some unusual properties. 


COMPARISON OF PROPERTIES BETWEEN TETRAHY- 
MENA 14-NM FILAMENT-FORMING PROTEIN AND 
CITRATE SYNTHASE 

O.Numata, I.Takagi, T.Yasuda!, J.Chiba? 
and Y.Watanabe. Inst..of Biol. Sci., Univ. 
of Tsukuba, Tsukuba, ‘Dept. of Tech., 
Natl. Inst. of Health, Tokyo, “Dept. of 
Biol. Sci. and Tech., Sci. Univ. of Tokyo, 
Noda. 


The Tetrahymena 14-nm filament-forming 


protein (49K protein) is a structural pro- 
tein involved in pronuclear behaviour 
during conjugation. We previously report- 
ed cloning and sequencing of the 49K pro- 
tein gene. Its primary structure exhibits 
a high sequence identity (51.5%) with por- 
cine heart citrate synthase. The 49K pro- 
tein actually possesses citrate synthase 
activity, and is detected in mitochondria. 
Using Tetrahymena citrate synthase 
(TCS) from isolated mitochondria, we have 
found that the TCS and the 49K protein are 
identical by five criteria such as molecu- 
lar weight, peptide mapping, antigenecity, 
amino-terminal amino acid sequence, and 
14-nm filament formation. Furthermore, we 
examined the enzymatic properties of TCS 
and the 49K protein. The properties of 
those two proteins were quite similar in 
their pH optima, the effect of potassium, 
sensitivity to ATP inhibition and the Km 
and Vmax values for the oxaloacetate and 
acetyl-coenzyme A. These results strongly 
suggest that the 49K protein has dual 
functions as both a TCA cycle enzyme and a 
structural protein in the cytoskeleton. 


ELONGATION FACTOR la LIKE PROTEIN INCLUDED 
IN TETRAHYMENA 14-NM FILAMENT-FORMING 
PROTEIN FRACTION 

Y.Kurasawa, O.Numata, T.Tomiyoshi, 
Juchipaa, YoWatanabe.sanst.. of Biol.) Sci., 
Univ. of Tsukuba, Tsukuba and !Dept. of 
Biol. Seiscand Tech, SciwrUniv.. of Tokyo, 
Noda. 


Tetrahymena 14-nm filament forming pro- 
tein has dual functions as both a struc- 
tural protein in the cytoskelton and a 
citrate synthase in mitochondria. Using 
immunofluorescence, we observed that 
monoclonal antibody MAb11B6 stained the 
Tetrahymena macronuclei and the replica- 
tion bands in Euplotes macronuclei, but 
that polyclonal antibody PAb49KI didn’t 
stain the Tetrahymena macronuclei. To 
confirm whether PAb49KI and MAb11B6 recog- 
nized same polypeptides, 14-nm filament- 
forming protein fraction was examined by 
two dimensional gel electrophoresis and 
immunoblot experiment. These results 
showed that MAb11B6 reacts to pI 9 poly- 
peptide, and PAb49KI reacts to pI 8 poly- 
peptide (14-nm filament-forming protein). 
These polypeptides have same molecular 
weight (49,000Da). N-terminal amino acid 
sequence of pI 9 polypeptide is differen 
from that of pI 8 polypeptide but exhibit 
a high sequence identity (72-80%) 
tlanslation elongation factor-la 
la).We suggest that EF-la may exist 
nucleus and may be related to DNA rep 
tion. 
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cDNA CLONING AND SEQUENCING OF TETRAHYMENA 
PROFILIN. 

M.Edamatsu!, M.Hirono!,?2, T.Takemasa! and 
Y.Watanabe!. 

lInst. of Biol. Sci. Univ. of Tsukuba, 
Tsukuba and 2Cell Bank, RIKEN Inst. of 
Phys. and Chem. Res., Tsukuba. 


In this study, we succeeded in cloning and 
sequencing of Tetrahymena profilin cDNA 
using an oligonucleotide probe synthesized 
based on its partial amino acid sequence. 
The product deduced from the cDNA sequence 
has a molecular mass of 16,785 Da which 
agrees with those estimated by the method 
of Weber & Osborn and by gel filtration 
chromatography. Tetrahymena profilin is the 
largest among profilins known so far. 
Southern blot analysis shows that Tetrahy- 
mena profilin gene is present as a single 
species in the macronucleus. Northern blot 
analysis also shows that the gene is ac- 
tively expressed as a single 0.73 kb tran- 
script. Tetrahymena profilin shows slightly 
higher homologies with lower eukaryotic 
profilins than with mammalian profilins, 
but the homologies are only 21-29% which is 
the lowest among lower eukaryotic profi- 
lins. In spite of such low homologies with 
other profilins, its N- and C-terminal 
regions are considerably conserved as those 
in other profilins, suggesting that N- and 
C-terminal regions of profilin are respon- 
Sible for the essential properties common 
to profilins. 


CHARACTERIZATION OF CALDESMON AS A 
MICROTUBULE SSOCIATED PROTEIN: 
REGULATION BY CA“*-CALMODULIN AND CDC2 
KINASE 


R. Ishikawa”, O.Kagami“, 1 R. Kamiya”, 
C.Hayashi and K.Kohama~. Dept. 
Pharmacol., Gunna Upiv School of 


Medicine, Maebashi and Dept. Mol. Biol. 
Fac. of Sci., Nagoya Univ., Nagoya. 

Caldesmon from bovine brain and from 
chicken smooth muscle bound to 
microtubules with a stoichiometry of five 
tubulin dimers to one molecule fo) 
cajdesmon with values of K, oi’ ZLOB x<  1L@) 

and 1.1x 10° M ~~, respectively. The 

binding of caldesmon to microtubulgs was 
inhibited in the presence of Ca 
calmodulin. The phosphorylation of 
caldesmon by cdce2 kinase also eliminated 
the microtubule-binding activity. 
Caldesmon in its dimeric form bundled the 
microtubules. Caldesmon potentiated the 
polymerization of tubulin. Furthermore, 
caldesmon inhibited the in vitro movement 
of microtubules on dynein. These results 
suggest that caldesmon may be involved in 
the regulation by Ca of the functions 
of microtubules. 


STUDIES ON TUBULIN ISOFORMS INVOLVED IN 
CILIA AND FLAGELLA : APPLICATION OF A 
MODIFIED TWO-DIMENSIONAL ELECTROPHORESIS. 
K.Nakamura, E. Masuyama, and S. Yoshida 
Dep. Of —EiVing™ SCTenGes. shines 
Women's University, Ujina, Hiroshima, 


Tubulin, a major axonemal protein, is 
composed primarily of an alpha- and beta- 
tubulin. In addition to the presence oF 
two subunits, each tubulin subunit can be 
further classified into several isoforms. 
In order to investigate thesbioieanearl 
IMplieations Of Cub i iseF Omiisman 
motile system, TU 1S Tf undalmienitauiesce 
identify each isoform and compare its 
distribution among flagella or cilia from 
various sources. — 

A two-dimensional electrophoretic 
System using SDS-polyacrylamide gel 
electrophoresis) (SDS-PAGE) Milienecmimmest 
dimension and isoelectric focusing (IEF) 
in the second dimension was devised. In 
Spite Of ts SIMPIMNCI CY sci Senecio 
could show a remarkably high resolution 
for tubulin isoforms and moreover could. 
classify them into alpha- or beta- tubulin 
as a two-dimensional profile. With this 
method, at least eight alpha- and four 
beta-tubulin isoforms could be detected 
within axoneme from Tetrahymena cilia. 
Moreover this method could also resolve 
tubulin isoforms from sperm flagella of 
sea urchin and also from rabbit brain. 


ANALISYS OF DYNEIN ATPASE BY A NEW 
NATIVE GEL ELECTROPHYORESIS SYSTEM. 

S. Wada, K. Nakamura*, R. Tamaoki * and M. Okuno. 
Dept.of Biol., Coll. of Arts and Sci., Univ. of Tokyo, *Dept. 
of Living Sci., Hiroshima Women's Univ. 

We developed a new native gel electrophoresis 
system for separation of dynein ATPase. The native gel 
(3.33% acrylamide, 0,09% bis-acrylamide, 1.0% agarose, 5.0% 
sucrose, 1mM EDTA, 192mM glycine, 3mM Tris) Was prepared as 
follows. The agarose (SEAKEM MEgrade, FMC Co.), sucrose 
and EDTA were dissolved in hot water and then, other 
materials were added. Stirring it, and TEMED and APS 
were added. The solution was kept at 50°C for avoiding 
the congelation of agarose during the process. The 
mixture was poured into the warmed mini slab gel plates 
and polymerized for 2h at 50°C. The plates were 
incubated at 4°C for 30min. The electrophoresis samples, 
in which 0.15M sucrose was added, were applied and 
electrophoresed with 7.5mA per one mini-slab gel. 

In this new electrophoresis system, we succeeded in 
separating the 22S and 14S dynein from Tetrahymena 
crude dynein extract without using the sucrose density 
gradient centrifugation. When we carried out this new 
system and SDS-PAGE, we were able to analyze the 
peptide composition of subunits of enzymes immediately 
as the two dimensional electrophoresis system. This 
system demonstrated that one heavy chain of oyster 
dynein had the ATPase activity. It was revealed by the 
immunoblot that the tubulin was coelectrophoresed with 
dynein ATPase. From these results, this native gel 
electrophoresis system gives us new information about 
enzyme properties. 
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PURIFICATION AND STRUCTURE OF OYSTER 
SPERM FLAGELLAR DYNEIN. 

-THE EVOLUTION OF DYNEIN MOLECULE- 
S. Wada, K. Nakamura™!, M. Okuno and H. Mohri“2. 
Dept. of Biol., Coll. of Arts and Sci., Univ. of Tokyo, “! Dept. 


of Living Sci., Hiroshima Women's Univ., and “Air Univ. 

Both flagella and cilia of eukaryotes are composed of 
9+2 structures. The arms projecting from the peripheral 
doublet microtubules consist of dynein and generate an 
active shear force between adjacent doublet tubules. In 
the present study we prepared sperm flagellar dynein 
from the oyster Crassostrea, which belongs to 
Protostomia, and examined its structure. 

We prepared the outer arm dynein as_ follows. 
Demembranated axonemes were extracted with a high- 
salt extraction buffer, and the dynein was purified by 
sucrose density gradient centrifugation. This dynein was 
composed of two heavy chains (415kd and 410kd) and 
three Intermediate chains. The sedimentation coefficient 
was approximately 21S. The two heavy chains were 
cleaved by UV irradiation in the presence of MgATP and 
vanadate. ATPase activity was inhibited by 1uM 
vanadate. This dynein caused the gliding of the singlet 
microtubules. Electron micrographs of negatively stained 
preparations revealed this dynein that comprised two 
globular heads with stems. 

It was reported that dyneins of Tetrahymena and 
Chlamydomonas , genera belonging to Protozoa, are 
three-headed particles and those of the sea urchin and 
rainbow trout, which belong to Deuterostomia, are two- 
headed ones like the dynein of the oyster. From these 
results, it is suggested that the number of heads of the 
dynein molecule has decreased during evolution. 


INTERACTION OF FLAGELLAR INNER ARM DYNEIN 
(C/A DYNEIN) ISOLATED FROM SEA URCHIN 
SPERM WITH MICROTUBULES IN THE PRESENCE OF 
ATP. 

E. Yokota? and I. Mabuchi. lpepartment of 
Life Science, Faculty of Science, Himeji 
fasts tuse of Technology, Akoh, Hyogo 678- 
12 and “Department of Biology, College of 
Arts and Sciences, University of Tokyo, 
Komaba, Meguro-ku, Tokyo 153, Japan. 

We have isolated C/A dynein from sea 
urchin sperm flagellar axonemes, which is 
considered to be a component of inner 
arms. It has been shown that this dynein 
is capable of translocating calf brain 
microtubules in vitro and bundling the 
microtubules in the absence of ATP. We 
further investigated the interaction of 
this dynein with microtubules in the 
presence of ATP. 

The turbidity at 350 nm of a mixture of 
C/A dynein and microtubules increased by 
the addition of ATP. Extent of increase of 
the turbidity was dependent on both C/A 
dynein and ATP concentration. Negative 
staining electron microscopy revealed that 
bundles of microtubules became thicker and 
larger than those before the addition of 
ATP. Furthermore, ATPase activity of C/A 
dynein was enhanced up to several-fold. On 
the other hand, 21S dynein which composes 
outer arms, bound to microtubules with 24 
mm periodicity in the absence of ATP and 
were released from the microtubules by the 
addition of ATP. 


INVOLVEMENT OF A PROTEASE IN THE MOTILITY 
OF CHUM SALMON SPERM. 
K.Inaba and M.Morisawa. Misaki Marine Biological 
Station, Fac. of Sci., Univ. of Tokyo, Miura. 

inds of protease inhibitors were examined on 
the motility of the demembranated sperm of chum 
salmon. Among them, aprotinin, N-tosyl-phenylalanyl- 
chloromethane (TPCK) and chymostatin showed strong 
inhibitory effects on the sperm motility. The inhibitory 
effects of these three protease inhibitors were observed 
only when the demembranated sperm were reactivated 
with relatively high concentration of ATP (>0.5 mM). 
These result suggest that a chymotrypsin-like protease 
involves in sperm motility in an ATP-dependent manner. 
On the other hand, the demembranated sperm of chum 
salmon showed the hydrolyzing activities toward some 
synthetic peptides. By means of several kinds of 
column chromatography including phenyl-Sepharose, 
DEAE-Sephacel, hydroxylapatite and Superdex 200, 
we purified two kinds of high molecular proteases from 
the extract of chum salmon sperm. One was a 
chymotrypsin-like protease (19 S) with the molecular 
mass of 600 kDa. This enzyme was a complex 
containing at least ten kinds of polypeptides and its 
chymotrypsin-like activity was stimulated up to 12-fold 
in the presence of low concentration of SDS. These 
properties showed the enzyme to be a "proteasome". 
The other one hydrolyzed synthetic peptides for amino- 
peptidase and its molecular mass and sedimentation 
coefficient were 280 kDa (50 kDa X 5~6) and 15 S, 
respectively. Considering the ATP-dependent effects of 
chymotrypsin-like protease inhibitors on demembranated 
sperm, it is possible that a proteasome may be involved in 
the motility of chum sperm motility. 


COMPLETE AMINO-ACID SEQUENCE AND 
TERTIARY STRUCTURE OF DYNEIN B HEAVY 
CHAIN. 

K. Ogawa. Natl. Inst. for Basic Biol., Okazaki. 


The dynein 8 heavy chain (DBHC) cDNA was isolated 


by screening a Agtl1 expression library to the sea 
urchin Anthocidaris crassispina unfertilized egg 
poly(A)+RNA with antibody to anti-heavy chain 
antibody. The nucleotide sequence of the constructed 
full-size cDNA contains a single long reading frame 
capable of encoding a protein of 4,466 amino-acid 
residues with an unmodified molecular mass of 512K. 
Analysis of the sequence predicts the existence of 
three domains separated by two @ helix dominant 
regions, with four ATP-binding consensus sequence in 
the central domain. The DBHC is thought to associate 
transiently with a microtubule during ATP- 
hydrolysis, but the ATP-dependent microtubule 
binding sequence common to the kinesin superfamily 
is not found in the DBHC. These unique features 
distinguish the DBHC from other motor protein 
superfamilies and may be characteristic of the d) 
superfamily. 
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PURIFICATION AND BIOCHEMICAL CHARACTERI- 
ZATION OF BRAIN DYNEIN AND DYNAMIN-LIKE 
PROTEIN. T. Shimizu’, T. Kokubu', S. Ohashi’, Y.Y. 
Toyoshima?, and T. Miki2. 'Res. Inst. Polym. Text., 
Tsukuba, Ibaraki 305, and 2Dept. Biol., Ochanomizu 
Univ. Ohtsuka, Bunkyo, Tokyo 112. 


Brain dynein was isolated from cow brain white matter 
high speed supernatant by ATP-dependent microtubule 
binding and by sucrose density gradient centrifugation. 
Its ATPase activity was ca 5 umole/min/mg, but was 
activated by microtubules more than 10 fold. It exhibited 
simple Michaelis-Menten relationship. The CTPase acti- 
vity was much higher than its ATPase as reported earlier. 
The CTPase was also activated by microtubules although 
CTP did not support microtubule translocation by brain 
dynein. The heavy chain of brain dynein was cleaved by 
UV light in the presence of ATP and vanadate. Brain 
dynein mediated microtubule translocation at ca 1 um/s 
inthe presence of 1 mM ATP. The substrate specificity 
of the motile activity was similar to that of other dyneins. 

Dynamin-like 100kDa protein was isolated from rat 
brain high speed supernatant by DE52 and CM- 
Sepharose chromatography, ATP-dependent micro- 
tubule binding and by sucrose density gradient centrifu- 
gation. It exhibited single band on SDS-PAGE. Its 
ATPase was fairly low but was activated by microtubules. 
It decorated microtubules with a periodical spacing of 16 
nm as viewed in an EM with negative staining. 


DYNAMIN IS A MICROTUBULE PLUS END-DIRECTED 
MOTOR. 


Y.Y. Toyoshimal, T. Miki-Noumural, T. Shimizu2, T. 
Kokubu2, S. Ohashi, S. Hisanaga3, and C. Toyoshimas. 
1Dept. of Biology, Ochanomizu Univ., Tokyo, 2Res. Inst.of 


Polym. Text., Tsukuba, 3Dept of Biol. Sci., Tokyo Inst. of 
Tech., Tokyo. 


Dynamin was first identified as a brain microtubule- 
associated protein which caused sliding between micro- 
tubules (Shpetner & Vallee, 1989). Nevertheless, whether 
dynamin is a mechanochemical motor has been uncer- 
tain. Here we demonstrate that dynamin is indeed a 
motor by reconstituting motility in vitro. 

Dynamin, adsorbed to a glass surface, translocated 
microtubules with their minus-end leading; no rotation was 
observed. This means that dynamin itself moves towards 
the plus end of microtubule, similar to kinesin. The speed, 
1um/sec at 1 mM ATP, was faster than that of kinesin. 
The movement of dynamin showed a broad specificity to 
nucleotides. 

The ATPase activity of dynamin was low but enhanced 
by microtubules. Dynamin decorated microtubules at 16 
nm intervals and induced bundles of them. The binding 
appeared to be highly cooperative, showing bare micro- 
tubules next to fully decorated ones. When rotary 
shadowed with platinum, isolated dynamin molecules 
revealed triangular profiles, similar to IgG. 


A NEW METHOD FOR ISOLATION OF MITOTIC 
APPARATUSES FROM SEA URCHIN EGGS. 

1 Mabuchil, q. Fujimoto’, E. Yokota and 
T. Shimizu. Dept. of  Bitodl,,) Cotesia s 
and Seiences,) Undjiy. of lok y clmmlolauar 
Dept. of Life Science, Himeji Inst. of 
Technol. Akoh, Hyogo, and) Dave lemetse 
Inst. of Polymers and Textiles, Tsukuba, 
Ibaragi. 


The mitotic apparatus of the sea urchin 
eggs has been isolated using organic 
solvents which stabilize microtubules, 
such as hexyleneglycol, dithiodipropanol, 
glycerol or dimethylsulfoxide. These 
procedures may damage microtubule proteins 
which form the structure to segregate 
daughter chromosomes by their too strong 
effects. We used a medium different from 
the previously described ones. The new 
medium contained reagents which suppress 
dephosphorylation of proteins. The 
birefringence of the mitotic apparatus 
thus isolated was weaker than that 
isolated using glycerol and 
dimethylsulfoxide. However, it was stable 
in the isolation medium for 12 hours. It 
was also sensitive to cold treatment and 
to Ca ions. We attempted to induce 
chromosome movement in the isolated 
mitotic apparatus. The pole-to-pole 
distance was shortened by application of 
low concentration of Ca ions, although the 
chromosome-to-chromosome distance did not 
change. Addition of flagellar dyneins, 
brain MAPI1C, or brain dynamin showed only 
a Slight effect. 


CHARACTERIZATION OF A 58 KDA INHIBITOR 
TOWARD SERINE PROTEASES IN THE HEMOLYMPH 
OF AN ASCIDIAN, HALOCYNTHIA RORETZI. 

T. Abe, F. Shishikura, S. Ohtake and K. 
Tanaka. Dept. of Biol., Nihon Univ. Sch. 
of Med., Tokyo. 


An inhibitor that coexists with target 
enzymes, serine proteases, in the hemo- 
lymph plasma of an ascidian, Halocynthia 
roretzi was successfully purified and 
partially characterized. The purification 
procedure consists of (1) ammonium sulfate 
fractionation, (2) hydrophobic interaction 
chromatography on Toyopearl HW-65 and 
Butyl-Toyopearl 650, and (3), finally, 
affinity chromatography on Heparin- 
Sepharose CL-6B. The inhibitory activity 
was assayed using the activated plasma 
enzyme and a fluorogenic substrate, 
Boc-Leu-Gly-Arg-MCA in 50 mM Tris-HCl, pH 
8.0, containing 0.5 M NaCl at 25°C. 

In the initial purification on 
Toyopearl HW-65 the inhibitor can be 
separated from the enzymes and purified to 
157.7-fold with the yield of 6.9 %. 

The physicochemical characteristics of 
the inhibitor are summarized; (1) 58 KDa 
molecular mass, (2) pl 9.2, (3) stable at 
pH 7-10, and (4) irreversibly inactive 
below pH 6 or by heating at 50°C for 30 
min. 

When the mixture of the inhibitor with 
bovine trypsin at molar ratio of 2:1 was 
incubated at 25°C, it took over 30 min to 
inhibit 80 % of trypsin activity. 
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ACID CYSTEINE PROTEINASE FROM THE EGGS OF 
SILKMOTH, BOMBYX MORI: I,PURIFICATION, 
TISSUE DISTRIBUTION AND SYNTHESIS. 

X.Zhao’, T. Kageyama’, Y.Yamamoto® and 
S.Y.Takahashi’. *Dept. of Biol., Shandong 
Univ., Shandong, P.R.C. *Dept. of Biochem., 
Primate Res. Inst., Kyoto Univ., Kyoto, 
Dept. of Biol., Fac. of Liberal Arts, 
Yamaguchi Univ., Yamaguchi. 


Eggs of the silkmoth, Bombyx mori, 
contain a high level of a proteinase 
which is most active at acidic pH. The 
proteinase was purified to a homogeneous 
form on SDS-PAGE and characterized as a 
cysteine proteinase. The proteinase 
activities were also found in the pupal 
Ovary and hemolymph. The activity in 
mature oocytes was quite high. Et 
increased abruptly 6 days after larval-pupal 
ecdysis. In the hemolymph, low activity 
is maintained throughout the pupal stage. 
These were confirmed using specific 
antiserum and immunoblotting. Cultured 
hemocytes from female pupae immediately 
after larval-pupal ecdysis synthesized and 
released the cysteine proteinase into the 
medium. Cultured ovary also could 
synthesize the proteinase, whereas in this 
case, the protein was not secreted into 
the medium. Translation of mRNA isolated 
from hemocytes and ovary directed synthesis 
of the enzyme in a reticulocyte lysate 
cell free system, indicating that there 
were two sites of synthesis for the cystine 
proteinase in the female pupae. 


ACID CYSTEINE PROTEINASE FROM THE EGGS OF 
SILKMOTH, BOMBYX MORI: II , REGULATORY 
MECHANISM OF DEGRADATION OF Vn. 
S.Y¥.Takahashi*, Y.Yamamoto’*, T.Kageyama’, 
X.Zhao’. “Dep. of Biol., Fac. of Liberal 
Arts, "Dept. of Biochem. Primate Res. Inst., 
Kyoto Univ.,Kyoto, *Dept. of Biol., Shandong 
Univ., Shandong, P.R.C. 


Cysteine proteinase (CP) from silkmoth 
eggs degraded yolk proteins, including 
Vn. Among the proteins tested, Vn was the 
best substrate for CP. When Vn was 
phosphorylated by G-kinase prior to exposure 
to CP, there was a marked increase in the 
susceptibility of Vn to degradation by 
cP. The phosphorylation lowered the Km 
value for CP, indicating that the modulation 
of substrate by phosphorylation had an 
important role in the regulation of 
programmed degradation of Vn in the 
developing eggs. In developing eggs, a 
high level of the G-kinase activity was 
found and Vn is an excellent substrate 
for the kinase. Phosphorylation of Vn in 
intact developing eggs was also demonstrated 
by microinjection of *P phosphoric acid. 
From the results, it appears that the 
phosphorylation of Vn serves as the trigger 
for the proteolytic digestion of Vn during 
the development of eggs, and that the one 
of the functions of the kinase in the 
eggs might be to provide the signal for 
the degradation of Vn by the cysteine 
proteinase. 


THE CYSTEINE PROTEINASES FROM THE TAIL OF 
METAMORPHOSING TADPOLE OF RANA CATES- 
BEIANA. 

Y.Miyoshi, K.Kobayashi and S.Horiuchi. 
Life Sci. Inst, Sophia Univ. Tokyo 


One of the cysteine proteinases had been 
partially purified from the bullfrog tad- 
pole tail as reported in the 57th and 58th 
annual meetings of the Zoological Society 
by S.Fujita et al. In this study, further 
purification and characterization of the 
cysteine proteinases were attempted. These 
enzymes were purified by acetone frac- 
tionation, S-Sepharose chromatography and 
gel filtration on Sephadex G-100. Two 
types of the enzymes were separated by the 
gel filtration, i.e., peak I(MW30,000) and 
peak II(MW15,000). Both enzymes were fur- 
ther purified by re-chromatography on S- 
Sepharose. For peak I Sephadex G-100 re- 
chromatography was done. By the purifica- 
tion procedures up to S-Sepharose re- 
chromatography, peak I was purified 56- 
fold and yield was 2.3% and peak II was 
591-fold and 2.2%. The pH optimum of the 
activity toward hemoglobin was 3.5 for 
peak I and 2.7 for peak II. Peak I was 
activated by thiol-reducing reagents and 
inhibited by cysteine proteinase in- 
hibitors. In addition, peak I exhibited 
the highest activity toward Z-Phe-Arg-MCA 
among MCA-substrates examined, requiring a 
thiol-reducing reagent for activation. 
From these results, peak I seems to be a 
cathepsin L-like enzyme. 


THE SUBCELLULAR DISTRIBUTION OF ACID 
PROTEINASE (ENZYME IV) IN LARVAL FORE-GUT 
AND FROGLET ESOPHAGUS AND STOMACH ON RANA 
CATESBEIANA. 

T.Inokuchi, K. Kobayashi and S. Horiuchi. 
li bresscLes InSt., SOpla UNIV. , LOKYO. 


Enzyme IV is acid proteinase and exists 
in both larval fore-gut and adult stomach 
of the bullfrog, Rana catesbeiana. In 
this study, we attempted to define subcel- 
lular distribution of the enzyme. By sub- 
cellular fractionation, larval fore-gut 
was divided into four fractions; nuclear 
(N), mitochondrial-lysosomal (M-L), 
microsomal (P) fractions and final super- 
matant (S). Relative specific activity of 
acid proteinases was the highest on M-L 
fraction. By staining method of the 
activity after PAGE, it was shown that 
enzyme IV exists in M-L fraction. But 
enzyme IV also existed in N and P 
fractions and very faint in S fraction. 

By density gradient centrifugation of M-L 
fraction on Percoll, enzyme IV showed the 
similar fractionation pattern to acid 
phosphatase, deoxyribonuclease (marker 
enzymes of lysosome) and glucose-6- 
phosphatase (maker enzyme of ER) on low 
density:fractions. For the enzymes in M-I 
fraction of froglet stomach and esophagus, 
their patterns on Percoll gradient were 
similar to those .of larval fore-gut. 

these results, subcellular distribut! 
enzyme IV could not be defined but 
suggested that it will be derived fr 

some organelle(s). 
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CHANGES IN LYSOSOMAL ENZYME ACTIVITIES 
DURING THE EARLY STAGE OF RAT LIVER REGENER- 

ATION 

Mo Hara, enue Suzuki | and S. Horiuchi. 
Dept. of Anat., St. Marianna Univ. Sch. of 
Med., Kawasaki and “Life Sci. Inst., Sophia 

Univ., Tokyo. 

It is possible that changes in the micro- 
environment of liver cells within 24 h after 
70% hepatectomy are closely related to cell 
division. We investigated the change in 
lysosomal enzyme activities during this 
period, ian order to cllanify the’ role of 
lysosomes in the regulation of cell growth. 

Lysosomal fractions were prepared from 
regenerating rat livers after 70% hepatecto- 
my and assayed for activities of acid hydro- 
lases and compared with those from sham- 
operated controls. At the same time, liver 
tissues after the operations were observed 
with electron microscope. 

The activities of lysosomal glycosidases, 
sulfatases and proteases per gram wet weight 
of tissue showed a biphasic decrease with 
Minima at 3 and 9 h after 70% hepatectomy. 
On the contrary, those of glycosidases per 
ml of serum increased with maxima at 3 and 9 
h after 70% hepatectomy. However, those of 
protease remained constant. In electron 
microscopy, the contiguous hepatocytes in 
regenerating liver were often separated from 
each other, and the cells were partially 
rounded. These results suggest that lysoso- 
mal enzymes may be released from liver cells 
to extracellular spaces thereby digesting 
the materials that inhibit cell growth by a 
contact with cells. 


EFFECT OF PHOTOIRRDIATED PORPHYRINS ON 
LYSOSOMAL MEMBRRANE AND AN ENZYME. 

H. Keinol, T. Banno! and S. Mimura2. IDept. 
Perinatol., Inst. Dev. Res., Kasugai; 2Dept 
Pediat., Nagoya Univ., School Med. Nagoya. 

A synthetic heme analogue (tin-~protopor- 
phyrin, SnPP) is known to cause serious 
responses of suckling rats to photoirradia- 
tion. The SnPP injected plus photoirradia- 
ted young rats showed violent effects such 
as hemolysis, furious movements and death. 
In this study we report the effects of por- 
phyrins plus photoirradiation on lysosomal 
membrane and a marker enzyme. The crude 
mitochondria fraction was obtained from the 
brain of suckling rats. The lysosomes (LS) 
were then isolated from the crude mitochon- 
dria fraction by Percoll density gradient 
centrifugation. The LS were free from 
mitochondria. LS were incubated with SnPP 
or deuteroporphyrin (DP) under photoirra- 
diation. Immediately after the end of 
photoirradiation the reaction mixture was 
centrifuged to exclude the intact LS and 
Percoll, and arylsulfatase (ASase) in the 
Supernatant was quantified. When LS were 
incubated with SnPP or DP under photoirra- 
diation, ASase was found to be leaked. 
ASase activity was increased with increase 
of DP concentration. No ASase was leaked 
from LS under the dark. The leakage of 
ASase from LS was detected at low SnPP 
concentration. The ASase was also reduced 
the activity by photo-excited phorphyrins. 
These results suggest that photo-excited 
porphyrins may cause great damage to 
lysosomal functions. 


UNIQUE STRUCTURE AND PROPERTIES OF RABBIT 
PROCATHEPSIN E 

T.Kageyama 

Primate Res.Inst., Kyoto Univ.. Inuyama 
SS 

Recently. | investigated structure and 
development of rabbit pepsinogens (J. Biol. 
Chem. 265, 1/7031. 1990). There were several 
species of pepsinogens and they were clas- 
sified into two types of pepsinogen, i.e. 
fetus- and adult-specific zymogens. cDNAs 
encoding these pepsinogens have been ob- 
tained, with the exception of pepsinogen M, 
a predominant zymogen at the early postna- 
tal stage. In the present report, | summa- 
rize my analysis of strucuture and enzymat- 
ic properties of pepsinogen M. 

Primary structure of rabbit pepsinogen M 
was clarified through molecular cloning of 
its respective cDNA. The structure was 
largely different from those of other 
rabbit pepsinogens. It was found to be a 
protein equivalent to procathepsin E, an 
intracellular aspartic proteinase. cDNA 
for rabbit procathepsin E contained a 
leader region, a proregion-, and a cathepsin 
E moiety. The nucleotide sequence revealed 
over 85 % identity with those of cDNAs for 
human and guinea pig procathepsins E. 
Procathepsin E was activated to cathepsin E 
under acidic conditions. Cathepsin E 
showed maximal proteolytic activity around 
PH 2.5. The activity was inhibited com- 
pletely in the presence of more than an 
equimolar amount of pepstatin. Northern 
analysis revealed that procathepsin E gene 
expressed throughout the development. 


IMPLICATIONS OF THE PREDOMINANT EXISTENCE 
OF CATHEPSIN E AS A PRO-FORM IN TISSUES. 
S. YONEZAWA. Dept. of Zool., Fac. of Sci., 
Hokkaido Univ., Sapporo. 


In immunoblot analyses using monoclonal 
antibody (MCA-3E5) against rat gastric cathep- 
Sin E (CE), it was found that the enzyme 
exists predominantly in a pro-form in sto- 
mach, spleen, thymus, neutrophils and ery- 
throcytes. To clarify the implications of 
the predominant existence of CE as pro-form, 
pro and mature CES were isolated from rat 
thymus tissues. The NHg-terminal structure 
of mature thymus CE was consistent with that 
of the rat gastric enzyme reported previous- 
ly. Isolated proCE was converted into 
mature CE in acid solution, and the conver- 
sion was completely inhibited by pepstatin. 
The pH-activity curves of both forms were 
Similar, with an optimum around pH 3. How- 
ever, hemoglobin-hydrolytic activity of pro 
CE, when measured below pH 4.2, was rather 
higher than that of the mature enzyme. No 
apparent lag of hydrolysis was observed. 
These results strongly suggested that proCE 
is enzymatically active in acid solution, as 
is the mature enzyme. No evidence was ob- 
tained that the pro-form and/or the mature 
form are active at neutral pH ranges, even 
in the presence of ATP, a stabilizing factor. 
From these findings, the evolutionary diffe- 
rentiation and the biological implications 
of CE, an intracellular (non-lysosomal) , 
non-secretory aspartic protease, was dis- 
cussed. 
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A DETECTION SYSTEM OF CARBOXYL PROTEINASE 
USING INHIBITOR ; PEPSTATIN A. 
M. Mukai!>3, T. Kondo* and K. Yoshizato! 
Ba Gell. Soi. "Lab..." Zool. Inst.) Fac. 
Sci., Hiroshima Univ., Hiroshima, ~ Dept. 
Physical Biochem. , Inst. Endocrinol., Gunma 
Snive, @ Gunma, ~~. Lab. Dev. Biol., Dept. 
Biol., Fac. Sci., Tokyo Metropolitan Univ., 


Tokyo 

Under the influence of thyroid hormone, 
amphibian larvae convert larval organs into 
adult ones. In this metamorphosing period, 
it has been Known that cathepsin D 1ike 
proteinase activity increases in_ the 
tadpole tail and this proteinase activity 
is important for the removal of the tail. 

For studying this cathepsin D like 
proteinase activity more precisely, we 
tried to develop a detection system of 
carboxyl proteinases using pepstatin A 
which is a specific inhibitor of carboxy] 


proteinases (pepsin, cathepsin 0D, renin 
etc.). We used water soluble carbodiimide 
(EDC) for coupling pepstatin A to S- 


methionine and we, got radiolabeled 
pepstatin A (5.5 x 10‘ cpm/umoles). It was 
confirmed that this radiolabeled pepstatin 
A bound to pepsin only in acidic pH and 
was completely inhibited by the presence of 
excess amounts of pepstatin A. Using 
radiolabeled pepstatin A, we could detect 
about 0.3 nmoles of pepsin. Furthermore, 
this radiolabeled pepstatin A could combine 
with homogenates of regressing tails of 
bullfrog tadpole which was treated with T3. 


EFFECTS OF CALCIUM IONS ON CHOLINE KINASE 
ACTIVITY IN BRAIN AND SOME OTHER TISSUES. 
M.Oide. Dept. of Pharmacol., Gunma Univ. 
Sch. of Med., Maebashi. 


Choline kinase (ChK; EC 2.7.1.32) were 
extracted and partially purified from 
brain, kidney and liver tissues of mice. 
The enzyme activities were assayed by the 
method of Ulane et al (1977). Phosphoryl- 
choline (the reaction product) could be 
easily and accurately separated from the 
substrate ([14C-methyl]choline chloride) 
by paper chromatography. Addition of Ca 
ions to assay media caused inhibition in 
ChK activity; 10-15% at 0.1 mM and 50-55% 
at 1 mM CaCl., in the brain. Similar in- 
hibitory phefiomena were observed in the 
kidney or liver enzymes. 

Calcium binding proteins were surveyed 
in some enzyme preparations according to 
Maruyama et al (1983). Samples were sub- 
jected at First to SDS-polyacrylamide gel 
electrophoresis and electrophoretically 
transferred to a nitrocellulose membrane 
which was then incubated with 45Ca. Some 
Ca-binding proteins could be detected as 
radioactive bands by autoradiography. Of 
these, calcineurin and calmodulin seemed 
not to be involved in inhibitory process 
of ChK by Ca ions. Relationship between 
other Ca-binding proteins and the enzyme 
inhibition remains obscure. 


PRIMARY STRUCTURE OF ARGININE KINASE FROM THE 
TAIL MUSCLE OF THE PRAWN PENAEUS JAPONICUS 
S.Okamoto, K.Iwasaki, T.Furukohri and T.Suzuki 
Dep.Biol., Fac.Sci., Kochi Univ., Kochi 


Arginine kinase (EC 2.7.3.3) plays an important 
role as ATP-arginine transphosphatase in high 
energy-requiring tissues such as muscle or brain 
mainly in invertebrates. Its function corresponds 
to that of creatine kinase in vertebrate. We have 
been interested in the evolutionary origin of 
arginine kinase, and decided to determine the 
amino acid sequence. 

Arginine kinase was isolated from the prawn 
muscle by ammonium sulfate fractionation, gel 
filtration and ion exchange chromatography. 
Total 150mg of the protein was obtained from 98g 
of muscle. 

Carboxymethylated protein was digested with 
cyanogen bromide, lysyl endopeptidase and 
chymotrypsin. The peptides were _ isolated by 
reverse phase HPLC, and sequenced by the manual 
Edman degradation. 

The arginine kinase was composed of 355 amino 
acids and its N-terminus was acetylated. 

The amino acid sequence of the arginine kinase 
showed 68% homology with the partial sequence of 
lobster. It also showed 44% identity with rabbit 
muscle creatine kinase. This suggests that they 
have the same evolutionary origin. 

The reactive cysteine residue concerved in all 
guanidino kinases examined so far, was also 
concerved at position 270 in the sequence of 
arginine kinase. Two tryptophanyl residues at 
positions 203 and 220, that would be _ associated 
with the enzyme activity, were also concerved. 


PURIFICATION AND CHARACTERIZATION OF TWO CREATINE KINASE 
ISOZYMES FROM SEA URCHIN. 

Y. YAZAWA, Dept. of Nutritional physiol., Hokkaido Univ. 
of Education at Asahikawa, Asahikawa. 

om the smooth muscle and the sperm of the sea urchin. 
This purified smooth muscle isozyme is dimer, with a MW. 
of 150K by SDS-PAGE, but 300k from gel filtration for the 
native enzyme. The sperm isozyme iS a monomeric species 
with a MW. of 150K by SDS-PAGE and gel-filtration analy- 
sis under the physiological conditions as well known. 
According to results of amino acid analysis, two creatine 
Kinase isozymes contained about 1,350 amino acids. 

The following kinetic characteristics were observed for 
the purifiedmuscle and spermisozymes, respectively. 

In the direction of ATP formation(the forward reaction), 
pH optima were 7.0 and V were 76.9ymo! Cr/mg.min and 27 
umol Cr/mg.min. In the direction of phosphocreatine for- 
mation(the reverse reaction), pH optima were 9.5 and 8.5 
and specific activities were 0.60 mmol Pi/mg.min and 0. 20 
mol Pi/mg.min. Michaelis constants were 3. 2mM and |. Sm¥ 
for phosphocreatine. It was suggested that these uniqu 
isozymes may consist of 4 domains form the results of \im 
ited protease digestions of them 
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GLYCOGEN PHOSPHORYLASE IN THE MALE REPRO- 
DUCTIVE TRACT AND SPERMATOPHORE OF THE 
SILKMOTH, BOMBYX MORI. 
M.Osanai and S.Nagaoka“. 1pept. of Biol. 
Facul. gr Sci., Kanazawa Univ., Kanazawa, 
Japan, Dept. of Semicul Scin, Kaci Toft 
Agr., Kyushu Univ., Fukuoka, Japan 
hosphorylase was detected in the _ g. 
lacteola and v. seminalis among glands of 
the male reproductive tract and in the 
spermatophore. Since added AMP to these 
crude extracts caused the reduction of the 
enzyme activity, the separate assays of 
phosphorylase a and b were impossible. 
With a centrifuging filtration technique, 
however, we succeeded in the separate 
assays of a and Db) activities. Ihe ratios of 
phosphorylase a activity to the total were 
high in the testis, d. deferens and ampulla 
d. deferentis, but slightly*low in the v. 
seminalis and g. lacteola. By ejaculation, 
these ratios decrease in the last two 
glands, indicating that the gland cells 
contain lowered Vactivaty, “thanwbi whole 
their secretions transferred to the female 
bursa copulatrix contain much a. Total 
phosphorylase activity 


transferred from 
the male reproductive tract corresponds to 
that in the spermatophore. From 20 to 300 
min after the beginning of mating, the 
total phosphorylase activity remain almost 
constant Sand = thes pratiowsotpa sco ator ar 
showed also high constant level. These 
findings show that in the spermatophore, a 
large part of phosphorylase is in the 
activated form, and the high activity is 
maintained during sperm maturation. 


CHARACTERIZATION AND LOUALIZATION OF THE 
SJOK—PROTEIN IN THE DUPLEX OF LYMANTRIA 
DISPAR. 

H.kKasugal, M.Kiuchi2, and G.Happ3. lDept. 
of Exp. Biol., Lokyo Metrcop., Inst.) ot 
Geront., Tokyo, 2Nati. Inst. of, Serzecul. 
and Entomol. Sci., Tsukuba and 3Dept. of 
Zool., Univ. of Vermont ,Burlington,U.s.A. 


We found the major storage vroteins 
(90K—vroteins) in the duplex of the male 
éypsy moth, L. dispar are transferred into 
three groups of Lower molecular weight, 
proteins (A, B: and C) in: the spermatophore 
by Western immunoblotting analysis with 
the antiserum against. purified 90K-protein. 
The major proteins in the A class heave a 
molecular weight of 43,000 while those of 
the B class are 33,000 daltons in size. In 
addition, the antibody show affinity for C 
oroteins with a molecular weight 23,000 
daltons. On incuoation in combination with 
the homogenates of the duplex, only the 
homogenates of the simplex showed oroduc-— 
tion of A, B and C proteins. 

By using light microscopic immunohisto- 
chemistry, we localized the antigens rec-— 
ognized by the antiserum in the duplex and 
the vas deference of. the male reproductive 
glands and in the spermatophre formed by 
ejaculation of the male reproductive 
contents to the fem2le bursa cooulatrix. 
The 90K-oroteins were produced from the 
secretory cells of the vas deference and 
transferred to the dunlex with the sperm 
released from the testis. 


LARVAL CUTICLE PROTEIN GENE OF THE 
SILKWORM, BOMBYX MORI STRUCTURE AND 
EXPRESSION 

K.Shofuda, H.Nakato, S.Izumi and S.Tomino 
Dept. Biol. Tokyo Metropol. Univ., Tokyo 
“To study the developmental regulation 
of the expression of a larval cuticle 
protein (LCP) of Bombyx mori, the genomic 
sequence for LCP was cloned and its 
structure and mode of expression were 
analyzed 

The LCP gene spans within a 2kb region 
of the chromosomal DNA and is composed of 
three exons interspersed by two introns. 
By means of primer extention analysis, 
transcription initiation site of the LCP 
gene was located at the nucleotide level. 
Typical TATA box structure is present 28 
bases upstream of the transcription 
initiation site. Partial copies of the Bml 
repetitive elements occur in three 
jfocations in the 2nd antron wand wane: nemo 
upstream region of the gene. 

Northern blot and primer extention 
analysis demonstrated that the LCP-mRNA 
emerges 2 days prior to hatch and is 
present in integument throughout the 
larval stages. The level of LCP-mRNA 
progressively declines durling the last 
larval instar, and totally disappears at 
about a period of spinning, but rises 
temporarily again at larval-pupal ecdysis. 

The deduced primary structure of exons 
of the LCP gene demonstrated a high 
homology with those of Manduca sexta and 


Drosophila melanogaster. 


CONSTRUCTION OF GENOMIC DNA LIBRARY 
SPECIFIC FOR CHROMOSOMAL FRAGMENT CARRYING 
THE LARVAL BODY MARKING GENES OF BOMBYX 
MORI. 
H. Fujiwara. Zoological Institute, Faculty 
of Science, University of Tokyo, Tokyo. 
The p locus on the 2nd chromosomal end 
of Bombyx mori has over 15 alleles and 
regulates complicated pattern formation on 
the larval body marking. On the other 
hand, mottled striped strains (pSm), which 
are genetic mosaics induced by X-ray 
irradiation, have an extra chromosomal 
fragment of about 2.3 Mb, carrying the 
marking genes responsible for the p locus. 
Therefore, in order to isolate the 
larval body marking genes for the p locus, 
I have been trying to construct a genomic 
DNA library specific for that chromosomal 
fragment. It was accomplished by PCR 
amplification using with an adopter 
ligation method after the chromosomal 
fragment was purified by pulsed field gel 
electrophoresis (PFGE). Two results, an 
enrichment of chorion genes and a 
deficiency of a dispersed type of 
repetitious sequence denoted BMC in the 
library, indicate that the DNA library is 
constructed speci tical lye hor saemne 
chromosomal fragment. And thereby, I 
obtained more than 100 plasmid clones , 
which may include chorion genes, a 
centromere region, ARS sequences besides 
the regions for the p locus. Here, I 
report several strategies for cloning the 
pS gene from this library. 
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TISSUE SPECIFIC HOMEOTIC GENES EXPRESSED 
IN THE SKIN AND THE WING IMAGIAL DISK AT 
THE FIFTH INSTAR LARVA OF BOMBYX MORI 
S.Okazaki, H.Fujiwara and H.Ishikawa. Zool. 
Inst., Fac. of Sci., Univ. of Tokyo, Tokyo. 

While many homeotic genes act at early 
stages of development, recently, it became 
known that some homeotic genes are ex- 
pressed in specific tissues at later devel- 
opment, and might play important roles on 
tissue differentiation or its maintenance. 
To study how homeotic genes act in these 
tissues, the expressed genes were detected 
by the RT-PCR method. cDNAs were prepared 
from the skin and the wing imaginal disk 
RNA at the fifth instar larva of B.mori, 
and part of the homeobox sequence was 
amplified by PCR. In the two tissues, as 
expected, 116bp products were detected, 
suggesting that some homeotic genes were 
expressed in the tissues. The sequence 
analysis of the 116bp products revealed 
that at least two distinct homeotic 
genes(clone SH2 and SH4) and one SH4-like 
gene are expressed in the skin and the wing 
imaginal disk, respectively. The SH2 showed 
84% identity to Drosophila Scr at _ the 
nucleotide sequence level, and the amino 
acid sequences were identical with each 
other. SH4 had a notable similarity to 
human Hox11 (85% in a.a.), murine Hlx and 
human K8 which are known to be tissue 
specific genes related to the hematopoietic 
system. This implies that the SH4 might 
participate in the hematopoietic processes 
in the tissues of B.mori. 


THE ROLE OF PIGMENT BINDING PROTEIN IN 
XANTHOMMATIN BIOSYNTHESIS IN THE EPIDERMAL 
CELLS OF THE SILKWORM, BOMBYX MORI. 

H.Sawada', M.Tsusué', T.Iino* 

‘Biological Lab. School of Liberal Arts, Kitasato Univ., 
Sagamihara. *Dept. of Gen. Educ., Nihon Univ., Tokyo 


We have already reported that xanthommatin localized in the 
pigment granules binding with a protein in the epidermal cells of 
the silkworm. The molecular weight of the pigment protein was 
estimated to be 13kDa. The protein separated by SDS-PAGE had 
an activity binding with xanthommatin. In the present study, we 
report that the protein has also an activity binding with cinnabar- 
inic acid. However, 3-hydroxykynurenine or 3-hydroxyanthra- 
nilic acid did not bind to the protein. These data indicate that the 
protein has an affinity for phenoxazinone ring of xanthommatin. 
The protein was present in the pigment granules fraction by su- 
crose density gradient centrifugation. In addition, HPLC analysis 
revealed the incorporation of 3-hydroxykynurenine into the in- 
tact pigment granules. Xanthommatin synthase activity was also 
found in the pigment granules in the same fraction. The Km value 
of the synthase for 3-hydroxykynurenine was 2.2 mMand pH op- 
timum of the reaction was 7.5 in potassium phosphate buffer. 
These data suggest that the pigment granule has an important role 
in both biosynthesis and accumulation of the pigment. 


Localization of sepiapterin deaminase in the epidermal cells of 
the silkworm, Bombyx mori. 

M. Tsusué, S. Kuroda and H. Sawada 

Biological Lab. School of Liberal Arts, Kitasato Univ., 
Sagamihara 


Sepiapterin deaminase which catalyzes hydrolitic deamination 
of sepiapterin to yield sepialumazine was reported in silkworm 
larvae. The enzyme may be important for the insect because it 
distributes many larval tissues and no mutant of the silkworm 
which lacks the enzyme was found. Although previous papers 
reported detailed properties of the enzyme, they took it for 
granted that the enzyme localized in cytosol because the enzyme 
could be easily extracted by homogenization. By use of stepwise 
sucrose density gradient centrifugation, the present study indi- 
cates that the enzyme localizes in the pteridine granules in the 
epidermal cells. The enzyme in the granule fraction have the 
same properties as the previously reported sepiapterin deaminase. 
The granule enzyme shows the optimal activity at pH 8.0. It is 
competitively inhibited by pterin and non-competitively by 
PCMB. Isoelectric point electrophoretic analysis also showed the 
same pattern as previously described. The enzyme may not local- 
ized in pteridine granules in a soluble state, because substrate 
sepiapterin was also contained in the granules. The enzyme pro- 
tein may be part of the biomembrane itself. In the future some of 
the enzymes which catalyze metabolism of pteridines might be 
shown to be localized in cell organelles in certain tissues of some 
organisms. 

Many pteridines are shown to be present in the granules to- 
gether with large amount of uric acid. 


THE PRIMARY STRUCTURE OF SEPIAPTERIN REDUC- 
TASE. 

R.Oyama', S.Katoh?, T.Sueoka*, M.Suzuki', 
H.Ichinose*, T.Nagatsu*® and K.Titani' 

‘Inst. for Comprehen. Med. Sci., Sch. of 
Med., Fujita Health Univ., Toyoake. *Dept. 
of Biochem., Sch. of Dent., Meikai Univ., 
Sakado. 3Dept. of Biochem., Nagoya Univ., 
Sch. of Med., Nagoya. 


Sepiapterin reductase (EC 17.1.1.153) is 


an enzyme essential for the biosynthesis of 
tetrahydrobiopterin, the H-donor cofactor of 
aromatic amino acid hydroxylases which con- 
trol the level of catecholamines and indole- 
amines in nerve tissues. We have determined 
the primary structure of rat sepiapterin 
reductase. 

The purified enzyme from rat erythrocytes 
(Mr 55 kD, two identical subunits of 27.5 
kD) was reduced with dithiothreitol and 
carboxyamidomethylated with monoiodoacet- 
amide (S-CAM protein). The amino acid 
sequence of the enzyme was determined using 
peptides generated by cleavage of the S-CAM 


protein with Achromobacter protease I, cyano- 


gen bromide, chymotrypsin or BNPS-skatole. 
The present results essentially coincided 
with the amino acid sequence predicted from 
the nucleotide sequence of the cDNA recently 
reported by Citron et al. (1990). No covalent 
processing event other than N-acetylation of 
methionine at N-terminus appears to occur in 
the entire molecule of the enzyme. Thus the 
present results provided the complete amino 


acid sequence of the mature form oi he 
enzyme. Similarity of the sequence between 
the enzyme and several other pteridine 


binding enzymes was discussed. 
(R.Oyama et al. (1990) B.B.R.C.,173,627]) 
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EFFECTS OF BETA-ALANINE ON THE PUPARIAL 
CUTICLE IN THE BLACK STRAIN OF DROSOPHILA 
MELANOGASTER. 

1 


A's Umebachi | and K. Kurata’. Komatsu 
College and Dept. of Biol., Fac. of Sci., 
Kanazawa Univ., Kanazawa. 


In insects, there is a tendency toward 
a quantitatively inverse relationship bet- 
ween #-alanine and ketocatechol released 
by hydrolysis of cuticle. The exuviae of 
yellow, black (b), and ebony of D. mela- 
nogaster are are suitable for the research of 
this inverse relationship, because the 
cuticle of these mutant strains shows the 
quantitative difference in 4-alanine. 
Although this inverse relationship between 
#-alanine and ketocatechol was originally 
found in the whole exuviae, the HCl-metha- 
nol extract has also proved to retain this 
nature. This has further been confirmed 
by the S-alanine-feeding experiment of b. 
The puparial cuticle of b lacks #-alanine, 
but, if A-alanine is given, the cuticle 
can incorporate the amino acid and fix it. 
In proportion to the incorporation of 
#-alanine, the puparial cuticle turns 
brownish yellow. And, in the HCl-methanol 
extract, the guantitatively inverse rela- 
tionship has been proved between the in- 
corporated @-alanine and the ketocatechol 
released on hydrolysis. This shows that 
the cross-linking in cuticle might be able 
to be investigated using the soluble pro- 
tein fraction of HCl-methanol extract. 


PARTIAL PURIFICATION AND CHARACTRIZATION 
OF N-8-ALANYLDOPAMINE SYNTHETASE FROM WINGS 
OF PAPILIO XUTHUS. 


VE AILS a ZA NLGE A DKgG Cpe Isabella WEG Ost Sal 55 
Univ. of KANAZAWA, KANAZAWA, 


Papiliochrome ii is a main yellow pigment 
of the pale yellow scales of Papilio butter 
fly. The structure is reported to be N¥-(a- 
(3-aminopropionylaminomethyl1)-3,4-dihydr- 
oxybenzyl)-L-Kynurenine,which consists of 
one molecule each of L-Kynurenine and N-§€- 
alanyldopamine (NBAD). Activity of NBAD 
synthetase was detected in the wings and 
body integment of pharate adult of Papilio 
xuthus, The enzyme was partially purified 
and characterized. Its isolation invalved 
ammonium sulfate (20-45%) precipation of 
protein extructs from wings of stage 8th 
of pupae followed by hydroxyapatite and 
anion exchange chromatography. Optimal 
activity of the purified NBAD synthetase 
was obteined at pH 7.10 and 40°C. With 
dopamine and f-alanine as substrates the 
enzyme had Km of 0.0125 mM and 0.122 mM, 
respectivly. The enzyme activity | required 
the presence of both ATP and Mg** ions. 
Optimal concentration of ATP and Mg*ions 
are 0.8 mM and 1.0 mM, respectively. 

Mn ions could partialy replace Mg*t ions. 

Addition of ADP and AMP depressed NBAD 

formation. These properties are common to 

carunosine-angerine synthetase of chick pee 
toral muscle. 
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ACTIVATION OF LACCASE-TYPE PROPHENOLOXIDASE 
IN THE CUTICLE OF INSECT. Vil. PROLACCASE IN 
LARVAL CUTICLE OF SILKWORM, BOMBYX MORI. 

H. 1. Yamazaki.,Biol.,Lab.,Atomi Gakuen 
Women’s Univ., Saitama. 

In the case of larval-pupal ecdysis, harden- 
ing and darkening of newly formed cuticle 
are observed after pupation. The laccase,a 
type of phenoloxidase is found in cuticular 
matrix and supposed that the enzyme mediates 
the hardening and darkening process. And the 
laccase itself is involved in the newly 
tanned matrix. 

The dynamics of peptides related with 
laccase were investigated in larval-larval 
ecdysis between 4th and 5th istar.The lacc- 
ase was found in newly ecdysed larvae as an 
inactive pro-enzyme bound with cuticular 


matrix. The prolaccase was activated by 
trypsin, thermolysin, pronase E and protein- 
ase K. The origin of the prolaccase was 


investigated by immuno-blotting method using 
the antiserum raised from activated laccase. 
Peptides reactive with antilaccase 
antiserum were detected in the newly ecdysed 
larval cuticle. The main component of the 
peptide group was the one of 150 KDa in its 
molecular size. The results suggests that 
the dynamics of peptides concerning with 
laccase activation in larval-larval ecdysis 
is very similar to the case of larval-pupal 
ecdysis. 


ACTIVATION OF PROPHENOLOXYDASE IN DROSOPH- 
PURIFICATION OF THE ACTIVATING 
ENZYME. 

T. Fukumitsu, M. Yonemura, N. Asada, and 
E. Ohnishi. Biol. Lab., Fac. of Sci., 
Okayama University of Science, Okayama. 


Insect phenoloxidase exists aS a pro- 
enzyme which becomes active on standing. 

In Drosophila, we showed previously that 
the activation process involves the 
serine-protease activity. In order to 
know in detail of the activation process 
in Drosophila, we have purified the 
activation enzyme from pupae by ammonium 
sulfate fraction Sephacryl S-200, DEAE- 
cellulose and hydroxylapatite chromato- 
graphy. The highly purified material 
showed not only the prophenoloxidase- 
activating activity but also the protease 
activity of trypsin-type. The results 
strongly suggested that the activating 
enzyme concerning the final step in the 
activating cascade of the phenoloxidase 
system in Drosophila is the proteolytic 
enzyme. 
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ACTIVATION OF PROPHENOLOXIDASE IN DROSOPH- 
ILA. IV. PURIFICATION AND CHARACTERIZATION 
OF A-SERIES. 
K. Fujimoto, K. Masuda, N. Asada and 
E. Ohnishi. Biol. Lab., Fac. of Sci., Oka- 
yama University of Science, Okayama. 
i AS AE PEE ee ee: Ss 
Insect phenoloxidase exists as an 
inactive percursor (prophenoloxidase; 
proPO) and the proPO is converted to an 
active enzyme by an activating system. In 
Drosophila, proPO system is known to _ be 
consisted of three A components: A,, A> 
and A3. These components coul be 
visualized on native-PAGE by preincubating 
the gels with the activating system, 
followed by incubation with L-dopa. 
Purification of Ay and A was achieved 
by AS fractionation, Sephacryl S-200 
gel chromatography, DEAE-cellulose and 
hydroxylapatite column chromatography. 
A and A3 could be separated by AS 
fractionation. Purified A, and A3 migrated 
as a single band with an apparent 
molecular weights of 78,000 and 77,000 
on SDS-PAGE, respectively. Using the 
homogeneous samples, some properties of 
proPO, such as thermostability and _ the 
stability at various pHs, were studied. 


ACTIVATION OF PROPHENOLOXIDASE IN DROSO- 
PHILA. V. ACTIVATION BY 2-PROPANOL. 

N. Asada, K. Fujimoto, K. Masuda and 
Reman. “Biol. Labs, Fac. of » Scil., 
Okayama University of Science, Okayama 


A series of the prophenoloxidases (proPO) 
which can be activated by 2-propanol (PHOX) 
was reported in D. melanogaster. But no 
attempt has been done to isolate the enzyme 
and its relation to proPO of A-series 
remained obscure. We tried to separate the 
PHOX from A-series by ammonium sulfate 
fractionation, Sephacryl S-200, DEAE-cellu- 
lose and hydroxylapatite chromatography. In 
purification steps, PHOX and A-series could 
not be separated each other. Isolated mat- 
erial was activated not only by 2-propanol, 
but also by a native activator. The 
molecular mass was estimated by SDS-PAGE to 
be 78 kDa under the reducing conditions. 
The activated enzyme had mono-and 
diphenoloxidase activities. 

Contrary to the irreversible activation by 
the natural activator, reversibility of the 
PO activity could be found at the 
activation by 2-propanol. The 2-propanol 
activated enzyme was reconverted into 
inactive state when 2-propanol was removed. 
The result suggests that the two 
alternative mechanisms are involving in the 
proPO-activating system,that is, activation 
occurs not only by the limited proteolysis 
with endogeneous protease, but also by the 
conformational change. 


LIPID COMPOSITION AND BUOYANCY OF CORAL EGGS. 

T.Arai!, M.Kato', A-Heyward®, Y.lkedal, Tlizuka!, T.Maruyama!, 
1Marine Biotechnology Institute, Shimizu, 2Dept. of Obstetrics and 
Gynaecology, Univ. of Adelaide, Australia 

Many reef-building corals are known to spawn large numbers of eggs 
which float for a few days, during embryogenesis, prior to settling on 
the sea floor and differentiating into polyps. Positive buoyancy may 
be important for eggs to encounter spem and influences the 
dispersal of the resulting embryos and larvae. Coral eggs contain 
many lipid droplets which are likely to be key contributors to egg 
buoyancy. Their lipid composition, however has remained unstudied. 
Consequently the lipid composition of eggs from three reef-building 
corals, Acropora millepora, A. tenuis and Montipora digitata was 
investigated. Specimens were collected and spawned at Orpheus 
Island, Queensland, Australia in November, 1989. Buoyancy of 
freshly spawned eggs of A. millepora was about 1.00. Crude lipid was 
extracted by Bligh-Dyer's method and lipid class composition was 
determined with a TLC/FID analyzer. Fatty acid composition of each 
lipid class was analyzed by gas chromatography after methylation. 
Sixty-two to 69% of egg dry weight was lipid, almost twice the values 
reported for adult coral tissues. Neutral lipid was dominant and its 
major component was wax ester, 81.8, 79.8 and 69.5% of total egg 
lipids from A. millepora, A. tenuis and M. digitata respectively. Polar 
lipids represented 12-13 % of the total lipids. No hydrocarbon was 
found in any of the eggs. The dominant fatty acid constituent in the 
wax ester of all species was hexadecanoic acid (16:0), contributing 
between 34.9 and 51.3%. The dominant fatty acid constituent in the 
polar lipid was octadecenoic acid (18:1) in A. millepora and A. tenuis, 
but 16:0 in M. digitata. 

Our results indicate that the lipid which provides buoyancy and an 
energy source to the eggs of three reef-building corals is wax ester. 
Its main fatty acid constituent is 16:0. This is in agreement with the 
major lipid class and its fatty acid composition reported for the adult 
colonies of many reef-building coral species. 


TREATMENT OF LOW DENSITY LIPOPHORIN WITH 
LIPOPROTEIN LIPASE. 


Tsuyoshi Hiraoka , Chihiro Katagiri 

Department of Medical Entmology, The 
National Institute of Health, Tokyo, 

Biochemistry Laboratory, Institute of Low 
Temperature Science, Hokkaido University, 
Sapporo, 

In long-distance flight insects, diacyl- 
glycerol, an energy source, is carried 
from fat body to muscle by low density 
lipophorin (LDLp). After hydrolysis of 
Giacylglycerol by muscle lipase, LDLp is 
converted to high density lipophorin 
(HDLp). In the present study, the mecha- 
nism of the conversion of LDLp to HDLp in 
locusts was investigated using a lipopro- 
tein lipase from a fugi, Alcaligenes sp. 
Diacylglycerol of LDLp was steadily hydro- 
lyzed in vitro by the lipase, resulting in 
90 % loss of diacylglycerol from LDLp 
during incubation. The "lipase-treated 
LDLp" obtained in this experiment still 
associated apolipophorin-III (apoLp-III) 
which is one of the constituents of LDLp 
but not of HDLp. These data suggest that 
splitting of diacylglycerol from LDLp is a 
process independent of the dissociation of 
apoLp-III, and that at flight muscle, a 
factor(s) other than lipase may be re- 
quired to dissociate apoLp-III molecules 
from lipophorin. The lipase-treated LDLp 
was also characterized for some physico- 
chemical properties. 
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CHARACTERIZATION OF APOLIPOPHORIN III 
INCORPORATED IN LIPOSOMES 

C. Katagiri?, and T. Hiraoka’. 

1Biochem. Lab. Inst. of Low Temp. Sci., 
Hokkaido Univ., Sapporo and *Dept. Medical 
Entomol., Nat. Inst. of Health, Tokyo 


When low density lipophorin (LDLp) was 
treated with lipoprotein lipase, LDLp lost 
90% diacylglycerol but still retains all 
the apolipophorin III (apoLp-III) mole- 
cules originally associated with LDLp 
(Hiraoka and Katagiri, ibid). Since the 
lipase-treated LDLp is a lipid-poor 
protein-rich lipoprotein compared with 
hagh density  latpopho:san (DED). ene 
lipase-treated LDLp should be higher in 
the density than HDLp. However, the size 
and density of lipase-treated LDLp are 
similar to the values observed for HDLp. 
To explain this contradiction, apoLp-III 
may be required. Since apoLp-III is rich 
igh, Cl=alilabsey ) lic aS sGomeaycleieecl  i@ Woe 
favorable to maintain the surface of a 
lipophorin particle. In the present 
study, apoLp-III was incorporated in 
dipalmitoyl phosphatidylcholine-liposomes 
and characterized by circular dichroic 
spectropolarimetry and nuclear magnetic 
resonance measurements. When incorporated 
in liposomes, apoLp-III changes its 
structure and enhances the fluidity of 
phospholipid bilayer. These data suggest 
that apoLp-III maintains a expanding 
surface area of a lipophorin particle. 


BILIVERDIN-ASSOCIATED CYANOPROTEINS OF RIPTO- 
RUTUS CLAVATUS AND RIPTORTUS FUSCUS: PURIFI- 
CATION AND IN VIVO INCORPORATION. 

K. Miura!, M. Nakagawal, Y. Chinzei!, T. Shinoda? 
and H. Numata’. ‘Dept. of Med. Zool., Sch. of Med., 
Mie Univ., Tsu, 2Natl. Res. Inst. of Vegitables, Mie 
Pref. and 3Dept. of Biol., Fac. of Sci., Osaka City 
Univ., Osaka. 


Biliverdin-associacted cyanoprotein-1 and 4 (CP-1i 
and 4) which occupy the major part of hemolymph 
protein in Riptortus clavatus were purified. 
Cyanoprotein was also purified from the mature 
eggs of Riptortus fuscus (RfCPegg). Comparative 
physicochemical and immunological studies on 
RfCPegg were done with CPs of R. clavatus. Using 
these purified CPs as 145]-labelled ligands, in vivo 
incorporation into several tisses of R. clavatus was 
examined. During the course of nymphal-adult 
development, CP-4 was incorporated preferentially 
into the fat body than CPegg in the last phase of 
fifth instar while just after adult emergence, in 
turn, CPegg was sequestered into newly-formed 
cuticle at a higher rate than CP-4. CPegg was 
incorporated massively into developing ovaries 
whereas no appreciable incorporation of CP-4 was 
observed. RfCPegg was also incorporated into 
ovary of FR. clavatus without species specificity. 
The ovary of R. clavatus could also take up CP-1 
selectively out of 12]-labelled total hemolymph 
proteins from non diapause female adults. However, 
CP-1 of hemolymph from nymphs and diapause 
adults were not incorporated into the ovary, sug- 
gesting some structural differences between these 
Ce=i 


PURIFICATION OF Fp, FROM SOLUBLE VITELLIN 
BINDING PROTEIN FROM LOCUSTA MIGRATORIA 
N.Nosaka and K. Yamasaki, 

Dept. Biol. Tokyo Metropol. Univ. Tokyo. 
Two types of vitellin binding activity have 
been reported for the ovary of Locusta 
migratoria. One of vitellin binding protein 
(VBP)responsible for the activity is local- 
ized in inner portion in oocyte and soluble 
in aqueous solution(s-VBP). The s-VBP was 
partially purified and characterized. And 
its role was supposed to be vitellin con- 
denser holding high concentration of 
vitellin in mature oocytes. Further purifi- 
cation of s-VBP was carried out and could 
be purified over 200 times compared with 
starting material. A simple pulse-field 
electrophoresis was employed for analysis 
of s-VBP and its vitellin binding. A compo- 
nent of the purified s-VBP,Fs, was estimated 
to be an active binding portion with 

Wi eet Mating This fraction was prepared by 
native PAGE and electro-ellution. FITC-F, 
produced complex with Vn and the complex 
was retained on the gel-surface by electro- 
phoresis. Specific binding of Fp, with vit- 
ellin was clearly shownm by native PAGE 
analysis. Fp 1s saturable with Vn and the 
saturation process was analysed by double 
reciprocalplot. From results from HPLC, 
native and SDS-PAGE, UV-spectrum and total 
sugar analyses, Fp is most likely to be 
glycopepetide(s). 


CHARACTERIZATION OF THE SERUM LIPOPROTEINS 
OF THE CRAYFISH, PACIFASTACUS TROWBRIDGII. 
Y. Hirayama, H. Takahashi, H. Tatano, S&S. 
Hirasawa. Dept. of Chemistry, Hokkaido 
Univ. of Education, Kushiro, Kushiro. 


We have previously reported that up to 
five lipoprotein species existed in the 
hemolymph of male and female crayfish, and 
these lipoproteins precipitated specifical- 
ly under low ionic strength condition, and 
were composed by at least five apoproteins. 
We fractionated these lipoproteins by gel 
filtration chromatography and hydroxy- 
apatite chromatography. By gel filtration 
chromatography lipoproteins were separated 
to several yellow lipoproteins and one red 
lipoprotein. The yellow lipoproteins had 
common apoproteins each other and the color 
was due to their content of g-carotene. The 
compositions of the apoproteins changed by 
the size of the lipoproteins. The red lipo- 
protein was the smallest of the lipo- 
proteins in the hemolymph, and the color 
was due to its content of red carotenoid. 
Isolated red lipoprotein has one apoprotein 
with a molecular weight of 98KDa determined 
by SDS-PAGE. Yellow lipoproteins contained 
6-8% lipid. Red lipoprotein contained 39% 
lipid. The lipid compositions of these 
lipoproteins resembled each other, the 
major class was phospholipids (66-72% of 
the total). Small amounts of diacylglycerol 
and free cholesterol, together with trace 
of hydrocarbon and triacylglycerol were 
also detected. 


——— 
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AMINO ACID SEQUENCE OF XENOPUS PROTAMINE. 
Y. Ohe!, Y. Hanaoka”, and H. Hayashi!. 1Dept. of Protein 
Chemistry, 2Dept. of Comparative Endocrinology, Institute of 
Endocrinology, Gunma Univ., Maebashi. 


The amino acid sequences of protamines have been 
determined from various species, but not from amphibia. 
Xenopus protamines were extracted from the testes 
chromatin with 0.25 M HCI and further purified by ion- 
exchange and reverse phase HPLC on C18 column. The main 
(60%) and three minor components were finally isolated. The 
amino acid sequence of the main component has been 
determined!) previously, It constituted of 78 amino acid 
residues and the sequence was same as the deduced 
sequence from cDNA2), Relative molecular mass (Mr) of 
the main component is 9,194. We also determined the amino 
acid sequence of one of the minor components. This 
component constituted of 74 amino acid residues and Mr is 
8,725. The amino acid sequences of the main and minor 
components differed at least 19 positions (24%). The 
Xenopus protamines are larger in Mr and lower homology, 
when compared with other species protamines. 

1) Ohe, Y. et al. Seikagaku 63, 702 (1991) 
2) Hiyoshi, H. et al. Exp. Cell Res. 194, 
95-99 (1991) 


A SIMPLE FRACTIONATION OF BOVINE BONE OSTEOCALCIN(BGP) 
BY REVERSED-PHASE HPLC 

T. Ono‘, K. Tanaka*, S. Mataki°®, and N. Katsura” 

Depts. of RI Lab’, Oral Biochem? and Dental pharmacol’*, 

School of Dentistry, Nagasaki Univ., Nagasaki 


BGP is one of the major non-collagenous proteins in 
bone and dentin. Previously, various procedures have 
been applied to prepare BGP from different calcified 
tissues, which included EDTA-decalcification / ex- 
traction, gel filtration and ion-exchange chromatogra- 
phy. However, results called for a better method. The 
present method which has been applied to successfully 
fractionate large quantity of BGP in a short time and 
in simple steps was investigated through a reversed- 
phase ODS-HPLC and SDS-PAGE. BGP was extracted from 
bovine femora with 10% formic acid and was subjected 
to reversed-phase ODS-HPLC. A large, main peak obtain- 
ed was the non-col lagenous fraction containing BGP. It 
was dialized against 5mM NH,HCO, and centrifuged. The 
purified BGP taken from its supernatant yielded 0. 06%. 
Ten residues in the amino-terminal sequence could be 
identified, and results showed that residue 9 is His 
which is different from previous data 


CLONING AND SEQUENCE ANALYSIS OF MOUSE y - 
CASEIN cDNA 

T.Sasaki, M.Sasaki and J.Enami. Research 
Laboratory, Zenyaku Kogyo Os iby rhe lee 
Nerima, Tokyo. 

Mouse y -casein, a phosphoprotein of 
22,000 daltons, was purified from SHN 
mouse skim milk. The N-terminal amino acid 
sequence (KHEIKDK) was determined using 
the native protein, whereas the C-terminal 
amino acid sequence (AHYTRFY) was deter- 
mined after digestion with Achromobacter 
lysil endopeptidase followed by affinity 
chromatography and HPLC isolation. cDNA of 
the coding region (507bp) was obtained by 
PCR using the oligonucleotide primers 
designed based on the terminal amino acid 
sequences. By applying the RACE method 
developed by Frohman et al. (Proc. Natl. 
Acad. Sci. USA, 85, 8998-9002, 1988), we 
have further succeeded in obtaining the 
cDNA (920bp) including 5’ and 3’ non- 
coding regions. The homology to rat y - 
casein was 80% at the nucleotide level and 
75% at the amino acid level. 


CHAPERONIN ACTIVITY AND AUTOPHOSPHORYLATION 
OF SYMBIONIN. 

K. Kakeda, M. Morioka and H. Ishikawa. 
zZ001. Inst... Fac. o£ Sci., Univ. of Tokyo, 
Tokyo. 

Symbionin that is selectively produced 
by an intracellular symbiont harbored by 
the aphid bacteriocyte is structurally 
homologous to the E. coli groEL protein, a 
heat shock protein and a member of 
chaperonins that functions as a molecular 
chaperon. Like the groEL protein and 
eukaryotic cell organellar chaperonins, 
symbionin had ATPase activity, and was able 
to reconstitute dimeric RubisCo holoenzyme 
of purple sulfur bacteria from its unfolded 
subunits in the presence of Mg-ATP in 
vitro. This suggests that symbionin has 
the chaperonin activity and chaperons other 
polypeptides imported from the host cell. 

While the aphid endosymbiont did not 
synthesize much symbionin when taken out of 
the host cell, it preferentially synthe- 
sized a hyper-phosphorylated form of sym- 
bionion when heat shocked. This result is 
taken to suggest that the endosymbiont 
housed by the bacteriocyte is under stress 
of a certain kind. We suggested that the 
phosphorylation of symbionin is due to its 
autocatalytic activity, and that the sym- 
bionin's chaperonin activity is excerted 
through its phosphorylation-dephosphoryla- 
tion cycle. 
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GENE STRUCTURE FOR SYMBIONIN, THE 
PREDOMINANT PROTEIN IN AN APHID ENDOSYMBIONT 
C. Ohtaka', H. Nakamura’ and H. Ishikawa. 

Zool. Inst.Facl.of Science, University of Tokyo, Tokyo, Div. of 
Cell Prolif., Natl.Inst.for Basic Biol., Okazaki, ‘Present adress; 
Gene Repository, National Institute of Health, Tokyo 

Bacterial endosymbionts, harbored by aphid fat body cells 
called bacteriocytes, are indispensable for the reproduction of the 
host insect. When taken out of the bacteriocyte, the endosymbiont 
synthesizes many protein species. In contrast, the endosymbiont, 
when housed by the cell, synthesizes essentially the only protein, 
symbionin. Judging from its molecular structure and 
immunogenicity, symbionin was suggested to be homologous to 
the E.coli groEL protein. 

Upon sequencing the symbionin-coding region (symL) of the 
endosymbiont DNA, it was deduced that symbionin is about 86% 
identical to the groEL protein at the amino acid sequence level. 
Nucleotide sequence flanking symL suggested that symL, 
together with a groES homolog, composes an operon, sym. Like 
in the groE operon, sym is led by two promoters, one heat shock 
and the other ordinary one. The identity between the symL and 
groEL at the nucleotide sequence level is about 74%. Most of the 
base substitutions from the groEL to the symL are toward an 
increase of adenine and thymine. This suggests the symbionin 
gene has been subjected to a strong A-T biased directional 
mutation pressure in the process of molecular evolution on 
account of its intracellular circumstance. 

Evidence suggested that though symS resides adjacent to symL, 
expression of the former is far lower than that of the latter, a 
result reminiscent of the fact that the groES protein homologs 
have been scarcely detected in cell organelles. 


PROTEIN SYNTHESIZED IN AN APHID BACTERIO- 
CYTE. 

K. Suzuki and H.Ishikawa. Zool. Inst. Fac. 
of Sci., Univ. of Tokyo, Tokyo. 


Aphid species harbor prokaryotic endosym- 
bionts in a specialized cell called bacte- 
riocyte. We collected the bacteriocytes 
by dissecting the insect and analyzed their 
proteins by SDS-PAGE. Comparing with pro- 
teins in the other tissues or organs, we 
detected several bacteriocyte-specific pro- 
teins of Mr:71kDa, 69kDa, 63kDa 
(symbionin), 46kDa, 41kDa, 37kDa, 36kDa and 
15kDa. By means of ig vivo labeling of the 
bacteriocyte with 5§-methionine in the 
presence of inhibitors of protein synthe- 
sis, it was shown that most of these pro- 
teins were not synthesized by the host cell 
but by symbionts. In an effort to search 
for the proteins synthesized by the bacte- 
riocyte and imported into symbionts, sym- 
bionts were isolated from the bacteriocyte 
which had been labeled in the presence of 
chloramphenicol, and the proteins were 
analyzed. As a result, several proteins 
(62kDa, 53kDa, 45kDa, 43kDa, 41kDa, 30kDa 
and 25kDa) in the symbionts were found 
labeled, suggesting that these proteins 
were transferred from the host cell into 
symbiont. 


CHAPERONIN60 (SYMBIONIN) AND CHAPERONIN10 
IN PRIMARY AND SECONDARY SYMBIONT OF APHIDS 
T.Fukatsu and H.Ishikawa. Zool. Inst., Fac. 
Of USCGi.), Univevor slokyvo ;mvokyor 
—V—aeee 
We examined the amount and localization 
of chaperonin6é0 (cpn60) and chaperonin10 
(cpn10) in more than 60 aphid species using 
antisera against GroEL and GroES of E.coli. 
Immunoblot analysis with anti-GroEL anti- 
serum showed that cpn6é0 is a major protein 
among all the aphids examined. In contrast, 
by immunoblotting with anti-GroES antiserum, 
cpnl0 was not detected in most aphid 
Species. Only a few of them exhibited a 
cross-reactive band. Immunohistochemical 
studies with the antisera revealed that (1) 
there are two types of aphids in terms of 
the endosymbiotic system; one with only 
primary symbiont (P-sym) and the other with 
secondary symbiont (S-sym) in addition to 
the primary one, (2) the P-syms among 
various aphids are quite similar in 
morphology while the S-syms are various, and 
(3) irrespective of aphid species, cpn60 is 
abundant in both P- and S~sym while cpn10 is 
rich in only S-sym and very small in amount 
in P-sym. These results suggest that (1) the 
P-syms have been derived from a prokaryote 
which was acquired by the common ancestor of 
aphids, (2) the S-syms have been adopted by 
various aphids independently after their 
divergence, and (3) in terms of the amount 
of cpn60 and cpni10, P-syms are similar to 
cell organelles whereas S-syms are similar 
to free-living bacteria. 


NITROGEN RECYCLING BY ENDOSYMBIONTS IN 
APHID. 
T.Sasaki and H.Ishikawa. Zool. Inst., Fac. 


Of SCI UnivalOL VlOkKVO) ma LOmyOr 
We maintained symbiotic and aposymbiotic 


pea aphids, Acyrthosiphon pisum, on a 
chemically defined synthetic diet. Unlike 
most insects, aphids did not excrete uric 
acid as nitrogenous waste but instead amino 
acids. A symbiotic aphid ingested 167.8nmol 
of amino acids, and excreted 5.6nmol of 
them in a day. Amino acids ingested and 
excreted by an aposymbiotic aphid were 
48.6nmol and 15.3nmol, respectively. Thus, 
the retention of amino acids by aposymbiot- 
ic aphids (68.5%) was Significantly lower 
than that by symbiotic ones. The principal 
amino acid in the honeydew of aposymbiotic 
aphids was glutamine (34.3mol%), while 
symbiotic aphids scarcely excreted the 
amino acid. The amino acids in the honeydew 
are a mixture of metabolic products and 
those passed through the gut without being 
absorbed. To tell one from the other, 
aposymbiotic aphids were maintained on a 
synthetic diet containing f€-15yN] gluta- 
mine (47.6atom%). The 2N content of ex- 
creted glutamine (11.4atom%) was much 
smaller than that of the one in the diet, 
confirming that most part of excreted 
glutamine was a metabolic product. It was 
suggested that ammonia, a nitrogenous waste 
product, was detoxified by conversion into 
glutamine, through which symbionts contrib- 
ute to the host by recycling the organic 
nitrogen. 


Biochemistry 


THE LONGEST 18S RIBOSOMAL RNA EVER KNOWN: 
NUCLEOTIDE SEQUENCE AND PRESUMED SECONDARY 
STRUCTURE OF THE 18S rRNA OF THE PEA 
APHID. O-Yu.Kwon, K.Ogino and H.Ishikawa. 
Zool.Inst., Univ.of Tokyo,Tokyo 113,JAPAN. 
-_ 
An EBLE4 recombinant phage encoding one 

of the full length of the ribosomal RNA 
gene(rDNA) has been isolated from the 
aphid genomic library. Determination of 
the complete nucleotide sequence of the 
aphid 18S rDNA revealed that it is 2469bp 
with a G+C content of 59%. It was 
Suggested that the aphid 18S rRNA the has 
the longest length and highest G+C content 
among the 18S ribosomal RNAs so far 
examined. It has been also evidenced by S1 
nuclease assay that the aphid 18S rDNA 
examined in this study is not a pseudogene 
containing insertion sequences. We 
constructed a potential secondary 
structure of the aphid 18S rRNA which 
contains the eukaryotic specific E21(V4). 
In addition, in an effort to know the cis- 
regulary sequences present in the external 
transcribed space(ETS), we have analyzed 
the region of 732bp that encompasses the 
entire ETS sequence and the transcription 
initiation site. 


STAGE SPECIFIC PROTEIN SYNTHESIS IN THE 

CASTE DIFFERENTIATION OF JAPANESE DAMP- 

wOoD ITE 

K. Ogino', Y. Hirono*’ and_H. Ishikawa!. 
Mit seo, Fac. SCi., “Dept. of ‘Biol. 

fore Aree & Sci., Univ. of Tokyo, Tokyo. 


The caste differentiation of termite is 
regulated by juvenile hormone(JH) titer in 
the haemolymph. When the titer exceeds a 
critical level, larvae molts to 
presoldier. Although it has been known 
that JH or its analogues(JHA) administered 
exogenously induces presoldiers, its 
molecular mechanism is yet to be known. 

In this study, we induced 6th- and 7th- 
instar larvae of Japanese damp-wood 
termite Hodotermopsis japonica into 
presoldiers with S-31183, a JHA that 
displays higher JH activity. More than 90% 
of the larvae that had fed on the filter 
Paper containing S-31183 differentiated 
into presoldiers within 3 weeks. The 
length of premolt interval of larvae- 
presoldier molt was 5.5days with little 
variance. Comparison of 2-D 
electrophoresis patterns of proteins from 
different castes revealed that there is a 
protein specific to presoldier and soldier 
whose molecular mass is about 23kDa. 
presoldier lacks a 20kDa protein whose 
molecular weight is 20kDa that is found in 
larvae and soldier. The two proteins were 
purified from the polyacrylamide gel of 
2-D electrophoresis and their partial 
amino acid sequences were determined. 
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MorRPHOLOGY OF ACANTHAMOEBA'S CYSTS AND CULTURAL 
TEMPERATURE 

H. Horikami and K. Ishii 

Laboratory of Biology, Hosei University, Chiyoda-ku, Tokyo. 


For the recent increase in cases of acanthamoeba keratitis, especially 
among contact lens wearers, Acanthamoeba becomes the target of public at- 
tension. It is very common amoeba by reasons of ubiquitously existence due 
to tough cyst having double cyst walls. 

On the other hand, classification of Acanthamoeba has not been based 
on morphology of trophozoite, but mainly on it of cyst. However, it is re- 
ported that identification of species based on morphology alone may not al- 
ways be correct, since morphology of cysts within a given species may vary 
according to cultural conditions (Visvesvara, 1991). So, trophozoites of 7 
species in 3 groups of this genus (Pussard and Pons, 1977) at 2~3 days after 
excystation at 30°C were incubated to encyst at 4 cultural temperatures (10°, 
16°, 23°, and 37°C). After 2 weeks, the cyst diameter (QO) and ray number 
(R #) of 60 cysts in each were compared with those of cysts at 30°C. 

1) In the group I, distribution pattems of the @ and R # of A. astronyxis 
have not significantly changed in range of 10°~30°C (Kolmogoroy- 
Smimov test). But at 37°C, abnormal cysts were formed aboundantly. On 
the other hand, A. comandoni has showed significant changes of the @ and 
R # in all cases (P<0.05). 

2) In the group II, both the @ and R # of A. castellanii/ATCC 30234 have 
not significantly changed in range of 10°~30°C, and have not encysted at 
37°C. The @ of A. hatchetti only at 37°C has significantly changed, but the 
R # has not changed in all cases. Furthermore, the @s of A. castellanii, Fuks 
strain and A. polyphaga, Toks strain isolated from human keratitis have no 
significant change in all cases. 

3) The @ of A. culbertsoni in the group III has no significant change in all 
cases. The R # is not able to count in all cases. 

Results as stated above show that two species in group I have a tendency 
of unstable morphology of cysts, but 5 species in group II and III have stable 
one in range of 10°~37°C. Besides, it has been confirmed that morphologi- 
cal characteristics of cyst are one of important criteria for classification of 
Acanthamoeba at least in a given cultural temperature. 


ECTOPLASMIC SHEDDING IN HELIOZOA AND 
SUBSEQUENT AXOPODIAL REGENERATION. 

Yo Shigenaka and. f. Ssuzak db. Of ceil 
Biol., Eac- Of Integra Artsus SCiv.,, Hasso— 
shima Univ., Hiroshima. 

In a large heliozoan Echinosphaerium, 
some chemical stimulation and the follow- 
ing rinse with culture medium were found 
to cause shedding of ectoplasm and to 
escape from the damaged ectoplasm as a 
denuded cell. In this experiment, so- 
called stains such as ruthenium red 
(0.001-0.01%), alcian blue (0.005-0.01%) 
and toluidine blue (0.01%) were conspicu- 
ously effective for inducing ectoplasmic 
shedding. After such shedding was induced, 
a newly-born cell without having any 
axopodia was observed in time lapse to 
detect regeneration of axonemes under a 
highly sensitive polarization microscope 
(Rectifier). Even in the case of complete- 
ly degenerated axonemes, new axonemes 
showing positive birefringence appeared 
shortly after the shedding occurred. Next, 
electron microscopy on ultra-thin sections 
revealed that (1)de novo polymerization 
and elongation of axonemal microtubules 
occurred just on the surface of nuclear 
envelope and (2) a typical axonemal pat- 
tern was rebuilt together with rearrange- 
ment of axonemal microtubules to make 
double coils. In the latter case, new 
polymerization and localization of link 
proteins connecting the neighboring mi- 
crotubules were necessarily required. 


CHARACTERISTICS OF THE PARABASAL BODY OF 
THE TERMITE INTESTINAL FLAGELLATE, 
TRICHONYMPHA AGILIS. 

K. Takano., R. Murakami and I. Yamaoka. 
Biol. Inst., Fac. Scil., Yamaguchi?) Unaver 
Yamaguchi, Japan 


The parabasal body which like the Golgi 
apparatus in the cells was observed in the 
supra-nuclear region in Trichonympha 
agilis of the termite intestinal protozoa. 
It was composed of the belt like structure 
of the stacked flatted cisterna and a 
bundle of fiber. There are about 40 in 
number, and they situate lengthwise at the 
anterior portion of the cytoplasm. In the 
Mitotic phase the characteristic division 
and duplication of its structure were 
observed. In the cytochemical studies 
NADPase, TPPase and ACPase activities were 
detected in the parabasal body. NADPase 
activity was detected in the dilated rim 
of the medial cisternal of the stack and 
TPPase activity was detected in both cis- 
and trans-cisterna. ACPase activities were 
detected in the tubular reticulum of the 
trans side cisterna and dilated rim of the 
whole cisterna. These results suggest that 
the parabasal body shows the bipolarity on 
the marker enzyme of the Golgi apparatus. 


RELATIONSHIP BETWEEN CELL SIZE AND CELL 
DIVISTON IN A MARINE DINOFLAGELLATA, 
OXYRRHISS MARINA. 
K. Ha KATO), Biol. abe) Goll) Genter alaestiauice 
Nagoya City Univ. 


There is significant diversity in the 
cell size of O.marina collected at natural 
locations. To understand the causal reason 
for this size diversity, 1 studied the gro- 
wth kinetics in vitro. Cells were cultured 
in Jamarine U (¢ 1/2 strength, containing 
5x10° /ml E.coli as a nutrient source ) at 
23°C with gentle stirring. Populations with 
relatively uniform cell size were used as 
starting cultures. The duration of the lag 
periods differed between batches, probably 
due to the status of the starting cultures. 
At the end of the lag phase, very large 
cells were evident. Using cloning techni- 
ques, I determined that both “large” and 
"small” cells can divide very actively. 
The doubling time at log phase was about 
2 hrs Dulriinis log phiasies) |) titer senin| breimont 
very large cells decreased dramatically. 

The division process was monitered us- 
ing TEM, SEM and fluorescent microscopy. 
Following duplication of the flagellar 
apparatus, a characteristic intranuclear 
mitosis was observed. 

In a study of Gymnodinium, Partensky & 
Vaulot (’89) suggested that the "large” 
cells are vegetative whereas the small” 
cells represent gametes. In the present 
experiment, I did not observe conjugation 
events between small cells. Further stu- 
dies on entire life cycle of Q.marina are 
in progress. 
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BIREFRINGENT CHROMOSOMES IN DINOFIAGELLATES, 
GYRODINIUM SUGASHIMANI. 

H. Sato? and ¥. Sato“. 1lFac. Soc. Sci., 
Nagano Univ., Ueda and Biol. Lab, Shoin Wo- 
men's Univ., Kobe. 

Chromosomes in some resting or dividing 
dinoflagellates such as Gyrodinium sugashi- 
mani or G. fulcatum remained in a conden- 
sed states and revealed strong birefringen- 
ce (BR). The coefficient of BR, (ne - No), 
was estimated as +10-2, almost identical 
value of pure DNA gel. These chromosomes 
never formed metaphase plate and segregated 
to both poles in anaphase. Nature of chro- 
somal BR is intrinsic and sign of BR is po- 
Sitive. Because of the lack of histone or 
alternate basic protein from the chromosome 
structure, we believe they were comparable 
to the bacterial nucleoid eventhough the 
DNA concentration was exceedingly higher 
than bacteria. Bouligand et al ('72,84) 
suggested that the dinoflagellate's DNA mi- 
ght be packed in a state of liquid crystal 
but this hypothesis is hardly acceptable 
knowing their rapid cell cycle. Rather, 
DNA replication in the dinoflagellate's 
chromosomes could be occur synchronal way 
alomg the molecular orientation direction. 
Otherwise, presence of mitotic microtubules 
could not explain their roles in mitosis. 
Based on the varieties of chromosomal BR, 
Sign of BR and their fine structure, we 
found dinoflagellates could be classified 
into three groups. Their evolutional re- 
lation and supporting data will be presented 
and discussed. 


BEHAVIOR OF MICRONUCLEI TRANSPLANTED 
BETWEEN THE TWO DIFFERENT SPECIES OF 
EUPLOTES. 

K.Sato. Dept. of Biol., Naruto Univ. of 
Educ., Naruto. 


Micronuclear transplantation was 
performed reciprocally between the two 
different species of Euplotes (E. 
octocarinatus, E. patella). The survival 
rate was about 10-20% in both 
combinations. The time when the operated 
cells could grow into clones was usually 
longer. While, the survival rate was 
about 50% when the micronuclei of one 
species were transplanted into the same 
species in each case. As it is known that 
the amicronuclear cells provided by 
removing the micronuclei died out in both 
Euplotes, the micronuclei of one species 
can supplement the micronuclear function 
of the other species. The vegetative 
micronuclear behavior was observed in the 
transplanted cells. Though normal 
micronuclei in the shape were observed 
(10-30%), various shapes of micronuclei 
were observed (large, small, ribbon-like 
etc.). The micronuclear observations at 
cellular division suggest that the timing 
of transplanted micronuclear division is 
aifferent form that of the cellular 
Givision. Thus, cellular division may be 
controlled by the macronuclei in these 
Euplotes. As the daughter cells which can 
not receive the micronuclei die out, the 
growing rate of clones may be low. 


EFFECTS OF VINBLASTINE IN NUCLEAR 
DIFFERENTIATION IN PARAMECIUM TETRAURELIA 
Y.Yashima. Dept. of Biol.,Sch. of Lib. 
Arts and Sci., Iwate Med.Univ., Morioka. 


To examine the determination of nuclear 
differentiation exconjugant cells were 
treated for 30 mins with 25 uy g/ml 
vinblastine after O~ 5 and 30 mins from 
separation of pairs for 30 mins. When the 
treatment was finished, the cell lenth 
became shorter than that of a control cell 
and the nuclei were found in the midway to 
antero-pestero position. These cells were 
cultured for 17 hrs and it was observed 
that the nuclei consisted of a various 
combination of micronuclei(MI) and 
macronuclear anlagen(MA). After becoming 
the shortest in 30 mins from separation of 
pairs, these cells were treated for 30 
mins and then cultured for 17 hrs. The 
number of MI and MA in these cells was 
the same as that of the control cell. 

Ultrastructural difference between the 
nuclei located in both ends was not 
observed after 30 mins from separation of 
Pairs but the difference between MI and MA 
was noticed after 60 mins from separation 
of pairs in control and treated cells. 

These results suggest that because 
vinblastine inhibits the formation of 
spindles and stops the migration of nuclei 
to normal antero-postero position, the 
nuclear differentiation may be disturbed. 


ULTRASTRUCTURE OF THE CORTICAL FIBER 
SYSTEM AND MECHANISM OF CELL MOVEMENT IN A 
CILIATE Blepharisma. M. Ishida, T. Suzaki 
and Y. Shigenaka, Laboratories of Cell 
Biology, Fac. of Integr. Arts and Sci., 
Hiroshima Univ., Hiroshima. 

Scanning electron microscopical obser- 
vation revealed that the distance between 
two neighboring cilia elongated in poste- 
rior part of the cell body during light- 
induced cell elongation. The cell which 
was extracted with a medium containing of 
0.001% Triton X-100 elongated by addition 
of 4 mM Mg-ATP. The elongation beween two 
neighboring kinetosomal complexes was also 
observed in the cell model. Ultrastructure 
of the kinetosomal complex and its associ- 
ated fibrous components was clearly 
observed in the cell model. Especially, 
bridges between the postciliary microtubu- 
lar sheets were observed in intervals of 
about 40 or 80 nm. An immuno-electron 
microscopical observation showed that an 
anti-Tetrahymena dynein antibody reacted 
with the inter-microtubular bridges. These 
results suggest that the photo-induced 
cell elongation of Blepharisma might be 
attributed to the energy-dependent sliding 
of the adjacent microtubular sheets and 
that dynein ATPase might be involved i: 
this system. 
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IS PARAMECIUM GROWTH FACTOR (ParGF) 
INDISPENSABLE FOR CELL GROWTH? 
Y.Tokusumi, H.Fujisawa and Y.Takagi. 

Dept. of Biol., Nara Women's University, Nara 630 


ParGF (Paramecium growth factor) is a polypeptide 


growth factor identified and purified from a cell free 
fluid of the early stationary phase culture of P. 
tetraurelia. Although it is certain that ParGF is 
secreted and accumulates during the log-phase of 
growth, it has not been determined whether secretion 
and accumulation are indispensable for cell growth. 
Aiming to eliminate the newly secreted ParGF, we 
incubated flask-cultures of St51 cells on a shaker in 
the presence of DEAE-cellulose, an anion exchanger 
similar to DEAE-sepharose that has been used for the 
purification of ParGF. There was no difference in 
growth kinetics between the cultures kept still and 
those kept shaken. Addition of 2 mg/ml DEAE- 
cellulose, but not of 2 mg/ml cellulose, inhibited cell 
growth completely. Addition of 2 mg/ml DEAE- 
cellulose exerted no toxic effect on either Paramecium 
cells or food bacteria, and no appreciable changes on 
pHs of culture. Further, if 2 mg/ml DEAE-cellulose 
had previously been saturated with crude ParGF, 

a 100-fold concentrate of the cell free fluid, no 
growth inhibition occurred. These results suggest, 
but not prove, that ParGF is indispensable for cell 
growth. 


CHANGES IN MORPHOLOGY AND PROTEIN 
COMPOSITION OF ENDONUCLEAR SYMBIONT 
HOLOSPORA OBTUSA OF PARAMECIUM CAUDATUM ARE 
INDUCED BY CHANGES OF EXTRA-CELLULAR PH. 

M. Fujishima and M. Togashi. Biol. Inst., 
Fac. of Sci., Yamaguchi Univ., Yamaguchi. 


— Gram-negative bacterium H. obtusa is a 
macronucleus specific symbiont of the 
Ciliate P. caudatum. When the infectious 
forms are added to paramecia, they are 
engulfed into the host food vacuoles, 
appear in the cytoplasm and penetrate the 
macronuclear membranes within 15 min after 
the mixing. During this infection process, 
the bacteria decrease buoyant density, 
disperse nucleoid, and become entirely 
dark-looking before they penetrate the 
macronuclear membranes. To know what kinds 
of stimuli induce the bacterial changes, 
the infectious long forms were suspended in 
buffers of various pHs. Then, their 
morphology and protein compositions were 
examined by a phase-contrast microscopy and 
2D-SDS-PAGE. It was found that pH 6.5 and 
more alkaline pHs induced rapid 
morphological changes which had been 
observed in early infection process. 
Protein composition also changed with the 
morphological change. These results suggest 
that pH change which is expected to occur 
when the bacteria in the food vacuoles of 
acidic pH escape there and appear in the 
cytoplasm of neutral pH is a trigger of the 
bacterial changes in early infection 
process. 


CHANGE OF CDC2 HOMOLOGUES IN CULTURE AGE 
AND CELL CYCLE OF CILIATE TETRAHYMENA 

R. Imail, M. Fujishimal, M. Yamashita2, Y. 
Nagahama2. 1Biol. Inst., Fac. of Sci., 
Yamaguchi Univ., Yamaguchi. 2Lab. of 
Reprod. Biol., Natl. Inst. for Basic 
Biol., Okazaki. 

The cdc2 protein plays an important role 
for regulation of cell cycle in animals and 
yeasts. We investigated whether ciliate 
Tetrahymena thermophila and T. pyriformis 
contain cdc2 protein and whether quantita- 
tive and qualitative changes of the cdc2 
occur in different phases of cell division 
cycle and culture age. SDS-PAGE of cell 
extracts and its immunoblots with a mono- 
Clonal anti-PSTAIR antiody showed that 
Tetrahymena contained PSTAIR-reactive 4 
polypeptides of 34, 35, 36 and 37 kDa with 
several minor PSTAIR-reactive polypeptides 
of low molecular weight. When synchronous 
cell division was induced by a periodic 
heat (:neatment an hp yet forms yeeomnaac 
polypeptide which had been a large amount 
immediately after the heat treatment de- 
creaced its amount till cell division was 
start, then appeared again at peak of the 
division. In different phases of culture 
age of both Tetrahymena, 4 majour PSTAIR- 
reactive polypeptides decreased their 
amounts when the culture entered into 
stationary phase of growth. PSTAIR-reactive 
polypeptides of 36 and 37 kDa bound to 
pl3sucl-coated beads. These results suggest 
that Tetrahymena cdc2 homologues may func- 
tion for the cell growth. 


PARTIAL PURIFICATION OF MEIOSIS- 
REINITIATION-INDUCING FACTOR OF FROG 
OOCYTES FROM CILIATE TETRAHYMENA 

Y. Katsu and M. Fujishima. Biol. Inst., 
Fac. of Sci., Yamaguchi Univ., Yamaguchi. 


Reinitiation of meiosis of the amphibian 
Xenopus laevis oocytes can be induced by 
microinjection of the ciliate Tetrahymena 
thermophila extracts. This meiosis- 
reinitiation-inducing factor (MRIF) differs 
from M-phase promoting factor (MPF), 
because its action on the induction of 
germinal vesicle breakdown (GVBD) is 
inhibited by cycloheximide. So far, 
cycloheximide-resistant GVBD-inducing 
activity (MPF-activity) cannot be detected 
in Tetrahymena extracts. Recent our study 
shows that MRIF is a heat-labile, Ca2*- 
sensitive, and trypsin-sensitive soluble 
protein (Exp. Cell Res., 193, 155-160, 
1991). In the present study, we tried to 
purify the MRIF. When 132,000 g supernatant 
of Tetrahymena homogenates was mixed with 
ammonium sulfate, MRIF activity was 
precipitated in 10-50% ammonium sulfate 
fraction. When the ammonium sulfate 
fraction was applied to a Q-Sepharose Fast 
Flow column, MRIF activity was detected in 
three different fractions (A, B and C 
fractions). Gel filtration of B fraction 
using a TSKg 3000SW column showed that 
molecular weight of MRIF is 40-62 kDa. 
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MICRONUCLEAR FUNCTION DURING VEGETATIVE 
GROWTH IN TETRAHYMENA THERMOPHILA. |. INDUC- 
TION AND OBSERVATION OF AMICRONUCLEATE . 

T. Haremaki and T. Sugai. Dept. of Biol., Ibaraki Univ., 
Mito 


A ciliate has two kinds of nuciei, macronucleus and mi- 
cronucieus(MIC) in a cell. MIC, once believed to be inac- 
tive, plays some role during vegetative growth. In Tetra- 
hymena thermophila, amicronucileate cells never give rise 
clones, suggesting critical role of MIC. 

It was reported that cell population of very aged strain 
called star strain(*), C* in this case, contains irregular 
shaped cells which were amicronucleate and lack oral 
apparatus(OA). We confirmed those results on C* and, 
moreover, found that even ciliary rows disappeared. The 
same results obtained from other aged strains A* and B*, 
suggesting this is general character of star strains. To 
know whether this phenomena depend on the absence of 

MIC irrespective of age of cells, we induced amicronu- 
Cleate cells in young clone by treatment with an antitubu- 
lin drug nocodazole. It was easier to determine the pres- 
ence or absence of the MIC in young ceils compared to 
star strains which have very small and variable size of 
MIC. We also found loss of OA, then loss of ciliary rows in 
young amicronucieate cells. Amicronucleate lost its OA 
within about 8 hours. Destruction of OA began first in un- 
dulating membrane. Long term observation of singel cell 
showed OA disappeared even without division. 

Our results clearly show the critical role of the MIC during 
vegetative growth; maintenance of cortical structure, es- 


pecially of OA. 


EFFECTS OF HEAT-SHOCK ON REGENERATION OF 
AMICRO-NUCLEATE FRAGMENTS IN THE CILIATE 
PSEUDOUROSTYLA LEVIS. 

T. Takahashi. Zool. Inst., Fac. of Sci., 
Hiroshima Univ., Higashi-Hiroshima. 

It has been already reported that in 
multinuclear ciliate Pseudourostyla levis micro- 
nuclei may share some important role for main- 
tenance of normal oral structure (Takahashi, 
1988; Takahashi & Suhama, 1991). Nevertheless, 
the essential somatic function of micronuclei has 
hardly been clarified yet. To solve this prob- 
lem, effects of heat-shock treatment on regener- 
ation of amicronucleate (ami) fragments were 
examined in the present work. In the experli- 
ments, many dividing cells were selected from 
exponentially growing culture at 23°C, and the 
cells were transected into two fragments at 
posterior to the mouth at 2h after the comple- 
tion of cell division. These fragments were 
exposed to the heat-shock treatment at 38.5 °C 
for 20min in the water bath. Then, they were 
fixed at intervals of 30 min and impregnated 
with protargol technique. When the fragments 
were not exposed to heat-shock treatment, 
regeneration of micronucleate (mi) fragments 
completed for about 5h and that of ami ones 
also finished within 6h after the transection. 
On the contrary, completion of regeneration 
delayed for about 4-5h in heat-shocked ami 
fragments and ami opimers. Almost all of the 
heat-shocked ami promers did not undergo regen- 
eration until 10h after the transection. The 
problem as to why only heat-shocked ami promers 
could not respond to the injury is remained to 
solve in the future. 


THE STURUCTURE OF ORAL APPARATUS IN LH AND 
RH CELLS OF GLAUCOMA (CILIOPHORA) 

K. Matsumoto, K and M. Suhama. Zool. 
mst. Fac.) of Sei. , Hiroshima’ Univ., 
Higashi-Hiroshima 


Living left handed (LH) and right 
handed (RH) cells of Glaucoma scintillans 
were extracted with Triton xX-100 by adding 
glutaraldehyde simultaneously. Their oral 
apparatuses (OAs) and oral primordia (OPs) 
were taken out from cell surface lamina 
and observed with scanning electron micro- 
scope. The mature OA was usually isolated 
as a bowl-like mass in which three membra- 
nelles (M1-3) and undulating membrane (UM) 
were dncluded, at’ 10.0 3 Triton “xX=7100. 
The structural pattern of cytoskeleton 
connecting among M1-3, the arrangement of 
basal bodies of M1-3 and UM, and the deep 
fiber bundle tapering from the base of OA 
were visible from the outside of the bowl. 
The sculpture was observed at the anterior 
tip of each membranelle. Six basal bodies 
separated from the anterior end of M2 on 
the way of development and made a sculp- 
ture corresponding to X-body. The pattern 
of cytoskeletal frame work in inverted OAs 
of LH cells was basically almost the same 
as that of RH cells except for the fact 
that the former rotated about 180°. 


IMMUNOELECTRON MICROSCOPE DETECTION 
OF THREE POLYPEPTIDES IN THE CYST WALL 
OF THE CILIATE, HISTRICULUS CAVICOLA. 

M. Soejima and T. Matsusaka. Dept. of Biol. Sci., Fac. of 
Sci., Kumamoto Univ, Kumamoto. 


Ultrastructural studies of the ciliate, Histriculus cavicola 
have clarified that the cyst wail of the ciliate are made up of 
three layers, ecto-, meso- and endocyst, from the outer surface. 
Analysis using SDS-PAGE have suggested the presence of at 
least 8 specific polypeptides in the cyst wall. Immunoelectron 
microscopically, ectocyst was recognized by an antiserum 
against 70KD polypeptide, one of the 8 polypeptides. The 
antiserum was proved to be mono-specific for the polypeptide 
by Western-blot. By an antiserum against 52KD polypeptide, 
which was mono-specific for the polypeptide, the inner area of 
mesocyst was decorated. Endocyst was recognized specifically 
by an antiserum against 190KD polypeptide, which was mono- 
specific for the polypeptide. Structures of about 1000 nm long 
and about 100 nm wide, containing electron dense thin disks, 
were formed in the cells of early stage of encystment. The 
structures have been considered as ectocyst precursors. The 
disks in the structure were decorated by anti-70KD antiserum, 
indicating that the bodies are indeed precursors of ectocyst. 
Tubular bodies of about 100 nm in diameter with varying 
length, containing thin filamentous materials, were found in the 
cells of mid to late stages of encystment. They have been pre- 
sumed to be the mesocyst precursors. Because the anti-S2KD 
antiserum decorated the tubular bodies, they may be the meso- 
cyst precursors. Small vesicles of about 300 nm in diameter, 
containing amorphous materials, were found in the cortical 
cytoplasm of the cells in late stage of encystment. These 
cles have been supposed to be precursors of cither endocyst 
granular layer. Immunoelectron microscopy using anti KD 
antiserum demonstrated heavy deposits of gold particles on the 
vesicles , indicating them as endocyst precursors 
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MATURATION OF SECRETORY CELLS AND DEVELOP- 
MENTAL CHANGES OF PORPHYRIN CONTENTS IN THE 
MOUSE HARDERIAN GLAND 
K.Shirama and M.Hokano 


Dept. of Anatomy, Tokyo Med. Coll., Tokyo 


The present study attempts to determine 
the development of porphyrin content and to 
examine ultrastructurally the maturation of 
the Harderian gland cells during the early 
postnatal life in the mouse. 

The porphyrins in the Harderian glands 
are first detectable at 7-8 days of age in 
both sexes. Thereafter, the levels show a 
marked rise during the closed-eye period, 
reaching a peak around the time of eyelid 
disjunction. To investigate the structural 
changes of the glandular epithelium, both 
glands of female mice were used. Although 
two types of secretory cells, designated as 
type A and type B, comprise the glandular 
epithelium in fully developed glands, the 
time of neonatal appearance is different 
between the two. Type A cells first appear 
on the 5th day of age, while type B cells 
appear around 7th day corresponding to the 


time at which porphyrins are first detected. 


Results of the investigations suggest that 
the porphyrins in the Harderian glands of 
Mice may be synthesized mainly by type B 
cells. 


EFFECT OF LOSS OF MECHANICAL STRETCH ON 
COLLAGEN DEGRADATION IN POSTPARTUM UTERUS 
OF THE MOUSE. 

K.Shimizu and M.Hokano. Dept.of Anat.Tokyo 


Medical College, Tokyo. 


The loss of mechanical stretch from the 
uterine wall is a signal for starting the 
collagen degradation in the uterus. To 
discover how the loss of mechanical stretch 
from the uterine wall affects the removal 
of collagen bundles, we compared the 
distribution of collagen bundles in the 
endometrium of the pregnant uterine horn 
( PH ) with that of non-pregnant uterine 
horn ( NPH ) in unilaterally pregnant mice 
during the first three postpartum days. 

The animals used were female mice of the 
IVCS strain. At 7 weeks of age, the right 
oviduct was ligated. After 1 week, they 
were mated. Animals were killed on the day 
of parturition or 1,2,or 3 days postpartum. 
After sacrifice, the uterine horn was 
removed and weighed. The sections were 
stained with picrosirius red and then were 
viewed with polarizing light. 

The postpartum involution of NPH was 
more Slowly than that of PH. On the day of 
parturition, endometrial edma was found in 
PH but not in NPH. On postpartum day 3, 
the collagen degradation of the endometrium 
of NPH was similar to that of PH. These 
results indicated that the loss of 
mechanical stretch affects the early period 
of the postpartum collagen degradation. 


ULTRACYTOCHEMICAL STUDIES ON THE SYNAPTIC 
TRANSMISSION IN MOUSE TASTE BUD. 
M. Kudoh. Dept. of Biol., Fukushima Med. 
College, Fukushima. 
a EE Eee 
Type III cell makes synaptic contact 
with afferent nerve fibers. With a view to 
examining types of synaptic transmission, 
ultracytochemical distribution of 
monoamine and acetylcholinesterase (AChE) 
was investigated in mouse taste bud. 
Fluorescence histochemistry by aqueous 
glyoxylic acid method revealed that the 
specific fluorescence appeared faintly in 
taste bud and that it was intensively 
enhanced by administration of monoamine 
precursors such as 5-HTP and L-DOPA. In 
ultracytochemistry by glyoxylic acid-Mg?* 
-KMnO, method, the amines were detected in 
numerous small vesicles throughout the 
cytoplasm of type III cell after injection 
of the amine precursors. This indicates 
that type III cell may be capable of 
taking up the amines and storing them in 
small vesicles. But it is doubtful that 
the amines enclosed in these small 
vesicles function as neurotransmitters. 
Ultracytochemical study on AChE revealed 
that intense activity was clearly observed 
in rER and around all the intragemmal 
nerves, especially at the afferent 
Synaptic region, in type III cell. These 
findings suggest that type III cell is the 
primary gustatory receptor and the 
cholinergic process may participate in 
synaptic transmission in taste perception. 


FINE STRUCTURES OF JACOBSON’S ORGAN AND 
OLFACTORY MUCOSA IN SUNCUS (MUSK SHREW). 
Q. Matsuzaki 
Inst. of Biol. Sci..Univ.of Tsukuba, Ibaraki. 
The origin of the suncus (musk shrew) was 
caught in Nagasaki 1976 and was domesticated 
by Kondo and Oda. This animal is a species 
of insectivora. Most of the vomeronasal 
organ of this animal is enclosed by bone. 
This organ is a blind tube and opens in the 
mouth. The part including the vomeronasal 
organ was soaked in I0%EDTA-2Na solution 4 
weeks to decalcificate. The vomeronasal 
receptor cells have many mitochondria as 
many as the olfactory receptor cells. The 
vomeronasal cells have higher electron 
density than the other cells. The number of 
the cilia of an olfactory cell is 10 or so. 
There are few basal cells on the botom of 
the vomeronasal epithelium. Long microvilli 
are derived from the free surface of the 
vomeronasal cells. The length of a 
microvillus is more than 100um. A 
vomeronasal cell have 100 microvilli or so. 
The vomeronasal cells distribute from 
ventral to medial surfaces of the organ. The 
influx and outflux of the stimulus molecules 
to and from the vomeronasal cavity would be 
caused by the long and well-movable snout 
and by contraction and extention of the 
Simus running along the lateral side of the 
vomeronasal cavity. 
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EFFECTS OF ESTROGEN ON 

THE INTRACELLULAR LAMININ IN THE ANTERIOR 
PITUITARY OF FEMALE RATS 

T.Kikuta and H.Namiki 

Dept. of Biol.,Sch. of Educ. ,Waseda Univ., 
Tokyo 


Laminin, one of the major components of 
the basement membrane, was detected in the 
gonadotrophs of the male rat anterior 
pituitary by Tougard et al in 1985. 
Through immunocytochemistry we (1988) have 
demonstrated the quantitative sexual dif- 
ference of laminin-immunoreactive cells in 
the rat anterior pituitary at puberty. In 
the case of the female, the number of 
laminin positive cells decrease at the age 
of 40 days, nevertheless, that of male 
rats increase at the same age. These 
results suggest that the laminin may play 
a part in the sexual maturation. 

In the present study, we examined 
changes in number of the positive cells of 
25 day-old female rats given estradiol- 
178 (1mg). 

Laminin positive cells still exist after 
1 day of the treatment as well as in the 
intact rats. But after 3 days or more, all 
the rats examined showed vaginal-opening 
and positive cells dramatically decreased 
in number and LH-RH did not seem to be ef- 
fective for the decrease. 

We have thus concluded that the decrease 
in number of laminin positive cells is due 
to the increase in estrogen concentration 
at the sexual maturation. 


A CAMERA SYSTEM FOR PERSPECTIVEFREE PHTOGRAPHY OF 
THE BRAIN 

S.Kaji 

Shizuoka Institute of Science and Technnology, 
Fukuroi. 


For reconstruction of the 3-D images of the 
brain from the histological preparations, 
perspectivefree photographs of the brain will 
give helpful! landmarks. A system composed of a 
camera, slit light projectors and a moving stage 
was developed for the perspectivefree photog- 
raphy. The brain was mounted on the vertically 
moving stage and illuminated by horizontally 
oriented slit lights. A carera was focused on 
the plane of the slit, and a bright contour was 
seen. Then the stage was smoothly moved along the 
camera axis so that the contour scanned through 
the whole surface of the brain. The camera dis- 
tance was kept constant during the scanning, so 
the obtained image was the same magnitude in any 
cross section (a perspectivefree image or an or- 
thogonal projection). When the scanning was 
stopped at equal intrervais in its travel and 
each contour was exposed on the same frame of 
the film, a contour sap of the object was ob- 
tained. In refer to these images taken from three 
axes, the 3-D images such as lateral, ventral or 
dorsal view of the brain were reconstructed from 
the histological preparations sliced parallel to 
the parafrontal plane. 


A GOLGI STUDY ON THE NUCLEUS SPHERICUS IN 
THE SNAKE, ELAPHE QUADRIVIRGATA. 

N. IWAHORI, Dept. of Anat., Fac. of Med., 
Nagasaki Univ., Nagasaki. 


The intrinsic organization of the 
nucleus sphericus (NS) was studied in the 
snake using the rapid Golgi method. The NS 
is a large aggregation of cells located in 
the caudal portion of the telencephalon and 
is, as a whole, cup-shaped with the hilus 
oriented in the rostral direction. From 
the periphery inward, the following three 
concentric layers were discernible: the 
Marginal, mural and hilar layers. The 
Marginal layer consisted of scattered 
cells extending dendrites internally toward 
the hilar layer and externally into the 
anterior commissure. The mural layer 
contained densely packed polygonal neurons 
arranged as a closed ring in the frontal 
sections. The mural cell dendrites extended 
internally into the hilar layer and 
externally toward the marginal layer. The 
hilar layer consisted of scattered cells 
whose dendrites extended in a transverse 
direction distributing in the hilar layer. 
The axons of the NS neurons traveled in the 
rostral direction, but their terminal areas 
could not be determined. The afferent 
fibers to the NS were derived mainly from 
the accessory olfactory tract, ran caudally 
in a thick fiber bundle through the hilus 
and were distributed totally within the 
hilar layer, forming a dense fiber plexus. 


MORPHOLOGICAL STUDIES ON THE ONTOGENY OF 
THE RAT LUNG. (3) COMPUTED THREE- 
DIMENSIONAL RECONSTRUCTION OF THE FETAL AND 
NEONATAL RAT AIR-CONDUCTING SYSTEM. 
A.Kimural, T.Gomil, y.Kikuchil- K.Kishil 
and Y.Kitazawa2. lDept. of Anat., 2Dept. of 
Pathowl., »Sschs of Med'..7 ‘Toho ‘Univ., .Tokyo. 


We analyzed the formation of the fetal 
and neonatal rat pulmonal air-conducting 
systen, employing a computed three- 
dimensional reconstruction processor. At 
the lung bud period, a primitive secondary 
bronchus appeared in the cranial part of 
the. tlung.. bugd...Divisions. of .the., .right 
secondary bronchus were more developed than 
the left one. At the pseudoglandular 
period, the lung lobes were not completely 
divided, but the bronchial divisions were 
beginning to differentiate into each 
broncho-pulmonary segment. At the 
canalicular period, the terminal sac period 
and the alveolar period, the right lung was 
subdivided to four lobes: anterior 
(Superior), middle, posterior (inferior) 
and deeper median lobe; the anterior lobe 
had three segmental bronchi, the middle 
lobe had two segmental bronchus, the 
posterior lobe had five segmental bronchi 
and the deeper median lobe had one 
segmental bronchus. The left lung had 
one lobe and had ten segmental bror 
Moreover, there was consistency foun in 
the ratios among lobes in the lung t! igh 
each period. 


1156 Cell Biology and Morphology 


A HISTOCHEMICAL STUDY OF ALVEOLAR 
SURFACTANT OF THE LUNGS IN HYNOBIUS 
NEBULOSUS TOKYOENSIS. 

Y.Kikuchil, T.Gomil, A.Kimural, _K.Kishil 
and Y.Kitazawa2. lpept. of Anat., 2Dept. of 
Pathol., Sch. of Med., Toho Univ., Tokyo. 


Granules of mucopolysaccherides 
containing acid sulfate groups were seen in 
the apical cytoplasm of the respiratory 
epithelial cells (REC), employing PAS, 
colloidal iron, alcian blue and aldehyde 
fuchsin. On the other hand, granules 
stained by phosphin E, Sudan black B and 
nile blue were observed in the cytoplasm of 
REC; therefore these granules were 
determined to contain lipids. By TEM, REC 
were found to possess mucous granules which 
had lucent-to-moderate electron density in 
the apical cytoplasm, and osmiophilic 
lamellated bodies were seen in the 
cytoplasm. Thus, these REC possessed, in 
addition to the features of type I and 
type II alveolar cells, the features of 
mucous cells. The luminal surface of the 
lungs were covered with a lining layer. In 
the air space, the lammella, lattice-like 
structures and fingerprint-like structures 
were observed. These structures seemed to 
be concerned with the alveolar surfactant 
system. Epithelial cells containing 
serotonin were seen, using an 
immmunochemical method; These cells seemed 
to be neuroendcrine cells. 


THE DERMAL CHROMATOPHORE UNIT FORMATION 
IN THE FROG, HYLA ARBOREA. 

M. Yasutomi, Lab. of Biol., Aichi Med. 
College, Aichi. 


In anuran amphibia, especially in genus 
Hyla, the back color of the frogs changes 
greatly during metamorphosis. This change 
is due to the formation of the dermal 
chromatophore unit (DCU): special locali- 
zation of the three chromatophore types; 
xanthophores are uppermost and just beneath 
the basal lamina, iridophores are located 
below xanthophores, melanophores are 
undermost. In young tadpole (stage 15; 
according to Taylor and Kollros for Rana 
pipiens), the three chromatophore types 
were scattered randomly under the basal 
lamina. At stage 18, fibroblasts, which 
were also present under the basal lamina 
in the young tadpole, began to migrate 
through collagen layer and made open space, 
subepidermal space, between collagen 
fibers. Sometimes xanthophores were locat- 
ed in the space. At stage 22, the space 
became large and xanthophores, iridophores 
and few melanophores were seen in the 
space. Iridophores were below xantho- 
phores. At stage 25 froglet, the three 
chromatophore types were seen together in 
the space and the relative numbers of each 
chromatophore were almost same. Then, 
the DCU was formed. These results show 
that the difference of the time of migra- 
tion on the chromatophore types may be a 
factor that accounts for the DCU formation. 


ULTRASTRUCTURE OF ANTERIOR HORN MOTO- 
NEURONS IN THE SPINAL CORD OF BONY FISH. 
A. Matsumura. Department of Biology, 
National Defense Medical College, 
Tokorozawa. 


The ultrastructure of spinal motoneu- 
rons in goldfish, Carassius auratus, was 
observed by transmission electron micro- 
scope. In the neurons’ somata, cell 
organelles such as nucleus, mitochondria, 
Golgi apparatus, smooth-surfaced endo- 
plasmic reticulum were well developed, 
although rough-surfaced endoplasmic re- 
ticulum was immature. In contrast to 
the cerebellar Purkinje cells observed 
in other animals of the same species, 
within the motoneurons observed in this 
study, the different areas within the 
organelles were not sharply divided, and 
the microtubules fasciculated by cross- 
bridges in the axon hillock and initial 
axon segment did not remain bundled in 
the deep cytoplasm of the cell body. The 
distribution of boutons containing either 
spherical (S-type) or flattened (F-type) 
synaptic vesicles was examined quantita- 
tively at the surface of the cell body. 
The S/F ratio was 1.49 and the number of 
the S type boutons surpassed that of F 
type. The mean percentage of the surface 
area covered by boutons was 46.1%. 


A HISTOLOGICAL STUDY ON THE NERVE INNERVA- 
TION IN THE AIR BLADDER OF PARASILURUS AS- 
OTUS. 

H. /ishihara. Bioillog. Lab. ,)FdcssoLmscims 
Engineer., Aoyama Gakuin Univ., Tokyo. 

The morphology of nerve innervations and 
nerve endings in the air bladder of Para- 
Silurus asotus was investigated according 
to the silver impregnation method devised 
by the present author. Air bladder walls 
were constituted of collagenous fibrillar 
connective tissue, muscularis, lamina pro- 
pria, muscularis mucosae and epithelium. 
The septum which divides it into right and 
left bladder was detected in the center of 
air bladder. In collagenous fibrillar con- 
nective tissue, some of the fibers aris- 
ing from the nerve bundles run a straight 
path putting out side branches in all di- 
rections, and, moreover, similar Meissner's 
corpuscles in superficial configuration 
were found. The cord-like nerve fibers 
which run winding striated muscle fibers 
here and there and spindle termination ex- 
isted in the striated muscle layer. It was 
observed that nerve trunks, entering the 
smooth muscle fibers of muscularis mucosae, 
after repeated ramifications, became gradu- 
ally thinner in structure and formed rich 
plexuses in this layer. Sometimes a large 
ganglion containing many apolar ganglion 
cells existed near the muscularis mucosae. 
In propria mucosae, fine neurofibrils run- 
ning freely in all directions were detec- 
ted. Various nerve endings were found in 
each individual layer. 
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THE BLOOD-SINUS SYSTEM IN LARVAL AND ADULT 
LAMPREYS. 

K. Tsuneki and Y. Koshida. Dept. of Biol., 
Coll. of Gen. Educ., Osaka Univ., Osaka. 


Serial histological preparations of the 
head and branchial regions of larval and 
adult lampreys, Lampetra reissneri, were 
made and were studied from functional view- 
point. Large blood-sinus was the most pro- 
minent structure in these regions. In ammo- 
coetes larvae, the Sinus is especially well 
developed in the velum. The beating of the 
velum generates respiratory water current 
which also assists food incorporation. The 
beating of the velum is caused by red and 
white muscles inside it, but without the 
Sinus this muscular action could not move 
the velum adequately. The sinus apparently 
conveys the muscular action to the velar 
flap. Without the sinus, the muscular con- 
traction might simply collapse the velum. 
In adult lamprey, the sinus is most well 
developed around the gill sac. This peri- 
branchial sinus is surrounded by bands of 
red and white muscles. The respiration 
through gill pores is certainly made possi- 
ble by the muscular contraction and the 
peribranchial sinus which conveys the mus- 
cular action to the gill sac. Thus, the 
blood-sinus apparently functions as the 
hydroskeleton both in larvae and adults, 
and may be indispensable to respiration and 
in larvae ingestion as well. 


FIBER ARANGEMENT OF GUINEA PIG TYMPANIC MEMBRANE 
N.Tujica , K. Ogawa 

izrst Department of Anatomy, Fukuoka University 
School of Medicine, Fukuoka 


In order to evaluate the array of the fiber in the 
tympanic membrane of guinea pig by scanning electron 
microscopy, cell matter was digested by Na0H 
incubation (Oktani,1987) prior to observation. 
Directly under the mucosal layer, collagen fiber 
exeisted in dense net like structure. Fibers were 
most dense and thick near the handle of the malleus 
and less dense in the surrounding annular ligament. 
Circular fiber were scene in the outer portion. 
Palabolic fiber were arranged from the handle of 
malleus toward the annular ligament. The fiber of 
the annular ligament were structured in thin bundles 
which were connected to the tympanic crest. The 
radial fibers were in homogenic thickness and 
arrayed in linear formation from the handle of 
Balleus to the outer edge of the annular ligament 

Each fiber ran close to each other and anastomosis 


were somes scene 


DIRECT EVIDENCE FOR THE REQUIREMENT OF 
CELLULAR FIBRONECTIN FOR COLLAGEN GEL 
CONTRACTION INDUCED BY FIBROBLASTS 

M. | TSUKAHARA |, H. ASAGA*, and K. Yoshiza- 
GO 

1 Mol. Cell Sci. Eade Zool, -unst., acs :oT 
Sci., Hiroshima Univ., Hiroshima, and 
Cell Chem., Tokyo Metropolitan Inst. of 
Gerontol. Tokyo. 

Fibroblasts(Fbs embedded in three- 
dimensional lattices of collagen fibrils 
contract collagen gels. We have already 
shown that the collagen gel contraction 
requires cellular fibronectin(cFN) but not 
plasma fibronectin(pFN) (Exp. Cell Res. 
193, 167-, 1991). In the present study , we 
introduced purified CFN* in the gel culture 
to examine further roles of cFN in the gel 
contraction. The results are obtained as 
follows; 1) Fbs failed to contract collagen 
gels when collagen fibrils were treated 
with excess amounts of cFN prior to inocu- 
jate cells. 2) collagen gel contraction was 
accelerated when Fb was treated with cFN 
prior to embedding them into a gel. These 
results clearly demonstrate the direct 
involvement of cFN in the collagen gel 
contraction induced by Fbs. Though the 
studies on FN have been largely focused on 
pFN, the present study shows that cFN is 
functionally different from pFN. This fact 
indicates importance of further investiga- 
tions on roles of cFN in the research of 
cell biology. 

*Purified cFN was generously gifted from 
FIBROGENX INC. 


FORMATION OF TYPE I COLLAGEN FIBRILS BY 
CULTURED HUMAN VASCULAR ENDOTHELIAL CELLS 
K. Yamamoto+, M. Yamamoto*, T. Ooyama7 
and Y. Nagai* 

+Dept. Cell Biol., Tokyo Metropolitan 
Inst. Gerontol., Tokyo, “Div. Immunol., 
Tokyo Metropolitan Geriatric Hospital, 
Tokyo, *Dept. Tissue Physiol., Medical 
Res. Inst., Tokyo Medical Dental Univ., 
Tokyo. 


The formation of Type I collagen 
fibrils by cultured human vascular cells 
was examined by indirect immunofluores- 
cence method. Human vascular endothelial 
cells in culture were found to have newly 
formed type I collagen fibrils on the 
cell surface, which were not found in 
human vascular smooth muscle cells. The 
fibrillar structure was formed on the 
third day after subcultivation and 
expanded like a knitting ball of 0-3 um 
in diameter and 0-200 um in length on the 
seventh day. The fibril formation was 
stimulated by the addition of basic 
fibroblast growth factor (5 ng/ml), but 
completely blocked by the addition of f6- 
aminopropionitrile (50 ug/ml). The 
fibrils were eliminated by the treatment 
with collagenase (50 um/ml, 37°C, 60 min) 
or with 0.5% Triton X-100 (4°C, 5 min). 
The significance of this type I collage: 
fibril formation by vascular endotheli< 
cells in vascular diseases has been a1 
discussed. 
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MIGRATION OF HUMAN SKIN FIBROBLASTS: THE 
ROLE OF PLATELET-DERIVED GROWTH FACTOR 
(PDGF) AND COLLAGEN. 

H. Kondo and Y. Yonezawa. Dept. Exp. Biol., 
Tokyo Metropol. Inst. Gerontol., Tokyo. 


Cell growth factors and extracellular 
matrix (ECM) play an important role in the 
process of wound healing. We have studied 
the factors regulating migration of human 
skin fibroblasts using Stenn's method 
(1980), which measures cell migration from 
the edge of a denuded area in a monolayer. 

Adult donor skin fibroblasts migrated 
more slowly in serum-free medium than in 
medium supplemented with 10% fetal bovine 


serum. In addition, both suramin, a 
competitive inhibitor of growth factors at 
the receptor level, and monensin, an 


inhibitor of ECM secretion, suppressed cell 
migration. These results suggested that 
growth factors and ECM are important for 
cell migration. PDGF, basic fibroblast 
growth factor, acidic fibroblast growth 
factor and transforming growth factor-§8 
were then added to the cultures, with 
negative results. Collagen, plasma 
fibronectin and heparin also did not 
promote cell migration. However, the 
combination of PDGF and collagen (type 1) 
did promote cell migration. For the maximum 
effect, the concentrations of PDGF and col- 
lagen were at 5-10 ng/ml and 10-50 upg/ml, 
respectively. The PDGF-induced stimulation 
of cell migration was completely inhibited 
by the addition of anti-PDGF antibodies. 


SPECIES DIFFERENCES AND CELL DEPENDENCIES 
OF THE MITOGENIC ACTIVITIES OF HEPARIN- 
BINDING GROWTH FACTORS IN SERA OF MAMMALS. 
We LONeCZaAWds, H. KONndOm, Re /Hataaites. Dept. 
Exp. Biol,, Tokyo Metropol.Inst. Gerontol., 
Tokyo, Sect. Tumor Cell Biol., Tokyo 
Metropol. Inst. Med. Sci., Tokyo. 


We've previously found that sera from 
different mammalian species (bovine, human, 
mouse and rat) displayed great differences 
in mitogenic activity as measured by 
stimulation of DNA synthesis in BALB/c 3T3 
cells and that these differences were 
caused mainly by factors in two peaks (0.1 
M peak and 1.1M peak) which were sepa- 
rated from rat and mouse sera using a 
heparin affinity column. Here sera and 
fractions separated from each serum using 
heparin column were tested for DNA syn- 
thesis activity in human cells (TIG-1 
cells), normal rat cells ( RL cells ) and 
immortalized rat cells (NRK cells). For TIG 
and RL cells there was a little difference 
in serum activity, though the order of 
activity among sera was similar to 3T3 
cells, and no 1.1M peak was detected. 
For NRK cells, however, the serum activity 
varied considerably, and the 1.1 M peak and 
0.1 M peak exhibited high activities. 

These results suggest that factors in 1.1 
M peak and 0O.1M peak respond more inten- 
sively to immortalized cells than to normal 
cells and thus cause the differences in 
serum mitogenic activity and the changes 
in it depending on responsive cells. 


IDENTIFICATION OF PLATELET—DERIVED GROWTH FACTOR 
(PDGF) ISOFORMS. 

K. Kajit, R. Horiuchi? and R. Hirai3. ‘Biochem. 
Isotopes, Tokyo Metr. Inst. Gerontol., Tokyo, 
Inst. Endocrinol., Gunma Univ., Maebashi and 
Sec. Tumor Celis, Tokyo Metr. Inst. Medical Sci., 

Tokyo. 


Each PDGF isoforms (AA, BB, and AB) acts 
differently on celis through their specific 


receptors. We developed the specific antibodies 
to A and B PDGF subunits and identified the 
isoforms using Western blot: analysis. Four 


synthetic peptides, P-1(26-42 from the N terminus 
of B subunit of numan PDGF), P-3(78-94 of B), P- 
2(72-88 of A) and P-4(11-27 of A) were used as the 
antigens and injected into rabbits. Recombinant 
human PDGFs were reduced and analyzed on the 
Western blot. P4-2(A) and P2-2(A) antibodies(Abs) 
were A subunit specific (0.4ng and 0.8ng). P3- 
2(B)Ab was specific for B (1.5ng) and Pi-2(B)Ab 
also could detect 0.4 ng of B with weak cross- 
reactivity to A. Then, we analyzed human PDGF of 
platelets using these subunit specific antibodies 


and recognized A and B with similar content. A 
human glioma cell line, SK-MG-i grow in serum- and 
growth factor(GF)-free conditions. This cells 


were supposed to produce some GFs as an autocrine 
fashion. P4-2(A)Ab cross-reactive bands of 25-30 
kDa were detected in reduced conditions snowing 
the existence of larger A subunit(s) in the glioma 
cells. These PDGF subunit specific antibodies are 
useful for identification of PDGF isoforms. 


bFGF STIMULATES THE SUSTAINED PROLIFERATION 
OF MOUSE EPIDERMAL MELANOBLASTS IN A SERUM- 
FREE MEDIUM IN THE PRESENCE OF DBcAMP AND 
KERATINOCYTES. 
WS Jelbisgoloyss, Dalia oe Isialodle | IWeielk, WimSie, Ole 
RadatoleScate Cheba 

Epidermal cell suspensions dissociated 
from skins of newborn mice were cultured 
with serum-free medium supplemented with 
DBcAMP and bFGF. After 1 day, a small num- 
ber of melanoblasts and melanocytes were 
randomly distributed among keratinocyte 
colonies. From 3 days, the keratinocyte 
colonies increased in size and number, and 
the melanoblasts began to proliferate. The 
keratinocyte colonies began to decrease 
from 8-9 days. In contrast, the melano- 
blasts dramatically increased in number. 
After 12 days, pure and enriched popula- 
tions of melanoblasts and melanocytes 
could be harvested. Over 30-fold increase 
in the number of melanoblasts and melano- 
cytes was observed from 1 to 12 days. 
Subconfluent primary keratinocytes were 
trypsinized and seeded into the secondary 
culture of melanoblasts and melanocytes 
at 1 day. The melanoblasts proliferated 
well in the presence of keratinocytes, 
but not in the absence of keratinocytes. 
These results suggest that bFGF stimulates 
the sustained proliferation of mouse 
epidermal melanoblasts in the presence 
of DBcAMP and keratinocytes. 
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MUSCLE CELL CULTURES UNDER MECHANICALLY 
ACTIVE ENVIRONMENT: EFFECTS OF STRETCHING 
ON MUSCLE CELL GROWTH. 

K. Yabusaki and T. Obinata. Dept. of 
Biology, Fac. of Sci., Chiba Univ., Chiba, 


In the living body, skeletal muscle 
cells are formed and maintained under a 
mechanically active environment. It is 
known that mechanical stretching of 
skeletal muscle tissues in vivo stimulates 
growth and morphogenesis of the muscle. 
We manufactured a culture system which 
enables to stretch the subsrate for cell 
culture ina Single direction repeatedly 
for a long term. When myoblasts were 
cultured under a standard condition and 
then the substrate was stretched, the 
cells were aligned with a right angle to 
the direction of stretching as reported 
(Shirinsky et al., 1989), and therefore, 
the cells were stretched in a transverse 
direction. Stretching of myotubes in a 
longitudinal cell axis may be more 
important from a physiological view point. 
When the cells were cultured on the 
Silicone membrane with fine grooves (100 
um in width) running in parallel, majority 
of myoblasts as well as myotubes were 
aligned along the grooves. By using such 
culture, we succeeded in stretching 
myotubes for more than a week in the 
direction of longitudinal cell axis. By 
such stretching, myotube diameter 
increased significantly as compared with 
the control myotube cultures. 


DECREASE OF SENSITIVITY TO THE CONTACT 
INHIBITION OF GROWTH WITH INCREASE OF THE 
PASSAGE NUMBER IN MOUSE C3H10T1/2 CELLS. 

T.Yamaguchi?., Y.Nukada** and K.Nakasone?, 
Fac. Gen. Educ. and *Fac. Sci., Ehime 
University., Matsuyama. (“Present address: 
Hayashibara Biochem. Lab. Inc., Okayama) 


A methanol-fixed monolayer of the cells 
was stained with Methylene Blue at an 
alkaline pH, and the dye was eluted out 
with an acidified ethanol. A strictly 
linear correlation was established between 
the cell number and the absorbance at 660 
mm of the eluent. Cell proliferation was 
determined as an increase in the absorb- 
ance. The method was applied to assay the 
inhibitory effect of cell membrane frac- 
tion on the cell proliferation of a 
sparsely seeded growing culture. 

The responsiveness of growing cells to 
the inhibitory action thus assayed was 
decreased with increase of the passage 
mumber of the cells: The more the passage 
number was, the higher was the cell popu- 
lation density at a confluent state and, 
Simultaneously, the more amount of the 
mambrane fraction was required to inhibit 
the proliferation of the same cells at an 
exponentially growing phase. 

It was also found that the membrane 
fraction prepared from a growing culture 
was less effective in inhibiting the cell 
growth than the preparation from a conflu- 
ent culture. 


DNA DOUBLE STRAND BREAKS INDUCED BY 
X-RAYS IN RADIOSENSITIVE MUTANTS. 


K.Eguchi-Kasai!, H.Itsukaichi!, K. Fukutsu1, K. 
Sato!, H.Ohara2, Div. of Radiat. Hazards, 1Natl. 


Inst. of Radiol. Sci., Chiba, 2Dep. of Biol., Sch. of 
General Edu., Okayama Univ., Okayama. 


We examined X-ray-induced double strand 
breaks (dsb) in radiosensitive mutants to 
investigate the mechanisms of radio-sensitivity. 
L5178Y cells, derived from mouse lymphoma, 
and its radiosensitive mutants (M10 and LX830) 
were irradiated with 200 kV X-rays on ice. Dsb 
were detected by filter elution method (Bradley 
and Khon, 1979). Induction of dsb were similar to 
one another at both pH 9.6 and pH 7.2. 
Therefore, there is no correlation between 
radiosensitivity and the dsb induction. Presence 
of demethy! sulfoxide (DMSO, known as radiation 
protector of OH radical scavenger) during 
irradiation significantly reduced the double strand 
break induction. However, dsb induction at the 
presence of DMSO was similar between wild 
L5178Y and mutant M10 cells. Therefore nature 
of dsb in M10 was considered to be not different 
from L5178Y as far as the effect of DMSO. On 
the other hand, after repair incubation at 37°C for 
4 h, much more dsb remained in M10 and in 
LX830 than in wild type L5178Y. These results 
suggest that mutants cells got radio-sensitive 
because of defect in dsb repair mechanisms. 


MORPHOLOGICAL FINDINGS OF TISSUE CULTURED 
CELLS -TREATED WITH PHOTO-FENTON REAGENT. 


S. Matsugo”, Y. Hori”), I. Saito®), and T. Tsuruhara‘). 
1) Kobe Univ. of Mercantile Marine,”) Osaka Pref. Univ, 
3) Kyoto Univ. and 4) Tokyo Gakugei Univ. 


The photo-fenton reagent that generates free hydroxyl radical 
upon longer wavelength photoirradiation (>350nm) will provide 
the significant contnbution in photomedical field. We have 
prepared a series of such compounds from the corresponding 
naphthalic anhydride (dianhydrides) by two step procedures. 
Upon photoirradiation these compounds decomposed with the 
generation of hydroxyl radical and cleaved circular DNA (form 


I) to nicked (form Il) or linear DNA (form III)”. The site speci- 
ficity of DNA cleavage induced by these compounds upon pho- 
toirradiation was also examined using **P-5'-labeled DNA frag- 
ment. The specific DNA cleavage was observed at the 5'-G site 
of -GG-sequence of the fragment in the case of bis-hydroperoxy 


type of photo-fenton reagent. The moderate anti-bacterial ac- 
tivities of these compounds toward E.coli strain were also ob- 
served under photoirradiated conditions. Based on these facts 
we take a next step to examine the action of this reagent on eu- 
karyotic cells (L5178Y cells-resistant to radiation) by means of 
electron microscopy in order to visualize possible fine structu- 
ral changes. Main findings were the decrease of cell number 
(50% >) and the swellings of mitochondria at 100 UM concen 
tration of the compound upon photo-irradiation(366nm). It i: 
suggested that very rapid cell-membrane damages induced the 
cell-killing and mitochon-drial swellings. 

DS Matsugo & I.Saito: Nucleic Acids Res., 22, 57, 1990. 

2)§ Matsugo et al: Angew. Chem. in press. 
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CHANGES OF CYTOSKELETAL STRUCTURES IN CUL- 
TURED MUSCLE CELLS INDUCED BY CALYCULIN-A. 
N. ‘Hosoyal’ =: Mo Mi tisuli 24! Hi shiihara® vn. 


Karaki°*, and HH. Mohri°. MDa pies ollie 
Univ. Tokyo, Meguro-ku, TOIKSViO} “Dept. 
Biol., Univ. Air, Chiba, and “Dept. Vet. 


Pharmacol., Univ. Tokyo, Bunkyo-ku, Tokyo. 


We analyzed the changes of cytoskeletal 
structures in cultured A10 muscle cells 
induced by calyculin-A (CL-A), an inhibitor 
of type 1 and 2A phosphatases, using indi- 
rect immunofluorescence technique. At 10°'M 
of CL-A the cells became rounded and de- 
tached from the substratum within a few 
minutes. In rounded cells no staining of 
rhodamine-phalloidin or anti-tubulin anti- 
body was observed. Vincuin, one of compo- 
nenes ot | thie tocalicionitiact, was localized 
at the peripheral region in non-treated 
cells. NOON AuieSie Ene Clb) ErGAENOGMeE wt 
moved to the inside of cells along stress 
fibers. Furthermore, we observed rapid and 
marked changes in microtubule structures 
in GLAS stnelaitiedm a celolise Soon after the 
treatment with CL-A, at the stage where the 
cells were still flat and attached to the 
substratum, many “nicks” or “gaps” were 
observed along microtubules. This means 
that the CL-A treatment may induce a micro- 
tubule-severing activity in the cells 


MORPHOMETRY OF CELL ORGANELLES OF CULTURED 
RAT BASOPHIL LEUKEMIA CELLS UNDER ANISO- 
TONIC CONDITIONS 

Ls Suze vandivAs iactimas) 2 aloo uCeunl: 
Biol., Hac. Of wmntegqm Antismandsocita, 
Hiroshima Univ., Hiroshima and *Dept. of 
Physiol., Kochi Med. Sch., Nankoku, Kochi. 


To correlate the dielectric behavior of 
rat basophil leukemia (RBL-1) cells with 
their structure, we have determined sever- 
al morphological parameters as a function 
of medium osmolality (m,) ranging over 
0.14-0.40 osmolal. Special attention was 
paid to the conditions that ensured the 
cells to retain isovolume when exposed to 
fixatives for electron microscopy. Osmo- 
lalities of the fixatives (x,) required 
for isovolumetric fixation were found to 
obey the following empirical formula (f’s 
in osmolal): W,=",+(m,/2) [1-tanh a(x,-b)], 
where @, is the osmolality of 1% (w/v) 
glutaraldehyde alone, a=5.8 osmolal"', and 
b=0.313 osmolal. Morphometric analysis of 
ultra-thin sections processed according to 
the fixation protocol thus determined 
revealed that intracellular volume frac- 
tions were 24-27% for nuclei, 2-4% for 
mitochondria, and <2% for other small 
vesicles, and also that these values 
remained almost unaffected in spite of 
gross cell volume changes induced by 
anisotonic challenge. 


THE HYOID APPARATUS AND MM.SUPRAHYOIDEI IN 
RODENTS. 

M.Aikawa and A.Shimozawa 

Dept. of Anat., Dokkyo Univ. Sch. of Med., 
Tochigi. 


The hyoid apparatus and mm.suprahyoidei 
were investigated in rodents (mouse, 
hamster, rat and guinea pig). The new 
findings with regard to this are as 
follows: 1. M.jugulohyoideus was found in 
mouse and hamster. This muscle ran from 
processus jugularis to cartilago stylo- 
hyoideum and/or cartilago tympanohyoideun. 
2. Cartilago stylohyoideum and/or carti- 
lago tympanohyoideum were found on the 
outer surface of bulla tympanica in mouse 
and hamster. The proximal end of the car- 
tilage attached to processus mastoideus. 
The four muscles (m.stylohyoideus, 
m.styloglossus, m.stylopharyngeus and 
m.jugulohyoideus) attached to the carti- 
lage. 3. Thyrohyoideum was found in guinea 
pig. The bone extended dorsocaudally from 
basihyoideum to articulate with cornu 
superius of cartilago thyroidea of the 
larynx. 

M.jugulohyoideus was found in mouse, 
hamster and guinea pig, but it was not 
found in rat. M.stylohyoideus was found in 
mouse, hamster and rat, but not in guinea 
pig. The component part of the hyoid 
apparatus united each other in guinea pig. 
However, the hyoid apparatus was separated 
between ceratohyoideum and cartilago 
stylohyoideum in mouse, hamster and rat. 


IN VITRO MODEL FOR THE PERIPHERAL AUTONOMIC NERVOUS 
SYSTEM @) TYPES OF JUNCTIONS 


T.MARUYAMA and Y.ENDO 
Dept.of App1.Biol., Kyoto Inst.Tech., Kyoto 


In order to construct a model in vitro for the 
peripheral autonomic nervous system, we have tried to 
co-culture a pheochromocytoma cell line (PC-12) as a 
neuronal element, and a smooth muscle cel] line (SM-3) 
and insulinoma cell line (In-R1-G9) as target cells. * 
The culture was done not only as a simple monolayer on 
a plastic dish, but also as a three-dimensional culture 
using a collagen gel. The intercellular relationship 
and the effects of collagen gel on the cell shape were 
investigated using light and electron microscopes. 

The formation of gap junctions was demonstrated by 
microinjection of Lucifer yellow only between SM-3 
cells, neither between PC-12 cells nor between PC-12 
cells and SM-3 cells. Under an electron microscope, 
synapse-like junctions were found between PC-12 and SM-3 
cells. The conspicuous changes of cell shape were 
found in the collagen gel culture. The neurites of PC- 
12 cells appeared to be differntiated into axons and 
dendrites. SM-3 cells appeared to be slender or spindle 
in shape and joint each other in tandem. 


Y ENDO, T.MARUYAMA,Y.SASAKI (1991) Biomed Res 12:211-214 
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IN VITRO MODEL FOR THE PERIPHERAL AUTONOMIC NERVOUS 
SYSTEM @ EXOCYTOTIC RELEASE OF NEUROTRANSMITTERS 


Y.ENDO and T.MARUYAMA 
Dept.of App].Biol., Kyoto Inst.Tech., Kyoto 


The peripheral autonomic nerves do not have a 
morphologically distinct synaptic contact with their 
target cells such as smooth muscle cells, exocrine and 
endocrine cells. The terminal portion of the autonomic 
nerves consists of a continuous network of unmyelinated 
nerve fascicles. Their innervation mechanism, 
especially the sites and mode of exocytotic process of 
neurotransmitters, remains to be fully elucidated. We 
have tried to construct an in vitro model for the 
peripheral autonomic nerves using several cell lines 
such as PC-12, SM3 and insulinomas. Using this culture 
system, we studied the fine structure of exocytotic 
release of neurotransmitters with special reference to 
the relationship between the release sites and the 
intercellular junctions. 

The exocytosis was stimulated by(]) high K* and Ca?* 
solution (120mM KC1, 6mM CaCl2 30mM NaCl) or (2) 
acetylcholine (10°5M). After the fixation of tannic 
acid-containing glutaraldehyde and OsQ., omega-shaped 
figures were detected by electron microscopy. The 
exocytosis occurred not only on the surface of neurites 
facing the SM3 cells or PC-12 cells, but also on the 
free surface of neurites. These results were 
comparable to the phenomenon of non-synaptical 
neurotransmitter release in the peripheral autonomic 
nerves in vivo. 


MECHANISM OF FUSION OF STARFISH PHAGO- 
CYTES; AN ANALYSIS BY MONOCLONAL ANTIBODY 
S. Towa, M. Dan-Sohkawa and H. Kaneko. 
Dept. of Biol., Osaka City Univ., Osaka. 


Aggregated phagocytes of the starfish 
spread out on the substratum and fuse into 
a large syncytium when kept in stationary 
culture (STC), while they remain unfused 
in suspension culture (SSC). 

We considered monoclonal antibodies 
(Mab) to be useful for examining the 
intrinsic factor(s) concerning this fu- 
Sion. By immunizing mice with detergent- 
soluble-fraction of the phagocytes, we 
were able to obtain one Mab, 13E6 (IgM 
against a cell surface antigen). This Mab 
inhibits the cells to spread out in STC, 
while allowing them to fuse in SSC. When 
applied to the cells in SSC, 13E6 Mab 
causes the adjacent cell membranes to 
adhere in wide ranges. This incident 
resembles the adherence-junction-like- 
structure which appears at the time of 
fusion in STC. Since this fusogenic event 
seems to be caused by cell adhesive 
property of the IgM molecule, the effect 
of another IgM which recognizes cell 
surface antigen as well as a cell adhesive 
agent, polyethylene glycol were examined 
and shown also to work as fusogens. These 
results show that phagocytes fuse by non- 
specific binding of a wide range of adja- 
cent cell membranes. This behavior is 
considered to favor quick and effective 
coverage of large foreign materials. 


OBSERVED BY SCANNING ELECTRON MICROSCOPY 
M. Dan-Sohkawa and M. Morimoto. 
Dept of Biol., Osaka City Univ., Osaka. 


Seven cell types were recognized in the 
population of coelomocytes of the ascid- 
ian, Halocynthia roretzi, as listed below 
in order of abundance. 

1) Morula cell: bulky mass of cell body 
With reflection of large cytoplasmic 
vesicles. One or two softer cytoplasmic 
mass for locomotion. 

2) Hyaline amoebocyte: irregularly shaped 
bulky cell body with one or more broad 
lamellipodia. 

3) Granulated amoebocyte: flat and smooth 
cell body, disk or crescent shaped. 

4) Lymphocyte: small, golf-ball-patterned 
cell with a few short or long processes. 

5) Giant cell: large crescent-shape cell 
with rough surface. Spike-like cytoplas- 
mic protrusions from bulky cell center and 
periphery of lamellipodia. 

6) Multipolar cell: one smooth mass of 
cell body with many long and straight cell 
processes. 

7) Fibroblastic cell: flat and oblong 
cell body. Adhere laterally with one 
another. Secretes thick ECM-like carpet. 

When SRBCs were applied to these 
cells, cells 1, 2 and 3 showed active 
phagocytosis. One cell type, probably the 
active form of lymphocyte, trapped many 
SRBCs which were, then, transferred either 
HOM Celalis 2) OTe Sic 


THE HYPOPHYSIAL DUCT AND DORSAL CORD OF THE 
ASCIDIAN, POLYANDROCARPA MISAKIENSIS. 

H.Koyama, Dept. Anat., Sch. Med., Yokohama 
City University, Yokohama. 


In the styelid ascidian, 
Polyandrocarca misakiensis, the 
hypophysial duct and dorsal cord forma 
continuous monolayer duct structure (HD- 
DC) located dorsally to the cerebral 

anglion. The rostral end of the 
ypophysial duct forms a ciliated funnel 
and opens into the dorsal tubercule of the 
pharynx. The cuboidal epithelial cells of 
the dorsal tubercule have both cilia and 
microvilli on their apical surface. The 
epithelium of the HD-DC is usually formed 
of “cuboidal om columnar cells, and 
sometimes protrudes ventrally into the 
ganglion. The presence, between the HD-DC 
epithelium and ganglion, of cells with 
morphological features of both epithelial 
and neuronal cells suggests that the HD- 
DC is a source of neurons in the adult 
zooid. The dorsal cord bends down 
between the two posterior nerve trunks, 
turns to the left, and ends abruptly. 
The epithelial cells of the end o the 
dorsal cord have an irregular outline, 
extensive Golgi apparatus, large vacuoles, 
and rough ER with dilated cisterns. 
Cells with the same er ae Pe are 
scattered around the end of the dorsal 
cord and within the nearby sinus. These 
scattered cells often release t! 
content of their large vacuoles 
exocytosis. One possible explanatior 
that the caudal end of the dorsal cor 8 
a holocrine endocrine organ. The HD-D< of 
this ascidian seems to be a dynamic 
structure. 
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FUNCTIONAL ANATOMY OF THE SEA URCHIN 
LANTERN COELOM 

R. Birenheide, Biological laboratory, Tokyo Institute 
of Technology, Tokyo 152 


The sea urchin lantern coelom encloses the lantern of 
Aristotle and is separated from the general body 
coelom. Different bags and pouches make the lantern 
coelom a more sophisticated organ than assumed by 
former authors. The lantern coelom was studied 
electronmicroscopically. Coelomic epithelia consist 
of flagellated cells, nerve axons and myocytes. 
Beating of the flagella as well as movement of the 
lantern create fluid currents assuming that the 
lantern coelom serves as a circulatory system. Some 
coelomic spaces have no connection to the lantern 
coelom indicating that they have special functions. 
Hemal canals consist of lacunar spaces in connective 
tissue layers without any epithelial lining. They seem 
not to have a circulatory function. Stewart Organs 
are found in some primitive echinoid groups. They 
are blind pouches, which extend from the aboral part 
of the lantern coelom in each of the five radiae. In 
the Stewart Organ brown bodies can be observed, 
which contain some kind of waste. Penetration of the 
brown bodies through the Stewart Organ wall leads 
to the suggestion, that Stewart Organs save for waste 
removal. In more modern species, this function is 
overtaken by the gills. 


DIFFERENTIATION OF THE GILL EPITHELIA AND 
THE HABITATS IN CRABS: AN ULTRASTRUCTURAL 
STUDY ON THE DISTRIBUTION OF THE OSMOREGU- 
LATING AND NON-OSMOREGULATING EPITHELIA. 


S. Kikuchi, and M. Matsumasa 
Dept. of Biol., Sch. of Liberal Arts & 
Sci., Iwate Medical University, Morioka. 


A stenohaline freshwater crab, Geothel- 
phusa dehaani, an eurihaline brackish- 
water crab, Hemigrapsus penicillatus, and 
two stenohaline marine crabs, Erimacrus 
isenbeckii and Pugettia quadridens, were 
studied. 

The gill epithelia of these crabs are 
divided into three categories: osmoregu- 
lating, non-osmoregulating (respiratory), 
and intermediate types. The first type is 
extremely thick (10um) and characterized 
by an abundance of mitochondria and well- 
developed lamellar apical and baso-lateral 
infoldings of the cell membrane, which 
become markedly developed or reduced by 
acclimation to a hypotonic or hypertonic 
ambience, respectively. The second type is 
very thin (lum) and is characterized by 
poor infoldings and very few mitochondria 
of small size. The last type, like the 
second, is very thin, but its apical 
surface has moderate infoldings. 

In the freshwater species all gill epi- 
thelia are osmoregulating, while in the 
Marine species all are non-osmoregulating. 
In the brackish-water species, on the 
other hand, only the posterior three pairs 
of gill filaments are of the osmoregulat- 
ing type; the remainder consist of the 
intermediate type. 


URTRASTRUCTURE OF THE STERNAL GLAND OF THE 
TERMITE, RETICULITERMES SPERATUS. 
I. Yamaoka, K. Takano and R. Murakami 
Biol. Inst., Fac. Sci., Yamaguchi Unive, 
Yamaguchi, Japan 
a 
The sternal gland consists of an unpai- 
red thickening of the middle of the abdo- 
Minal sternites. Since the discovery of 
their role in the trail laying, the stu- 
dies have multiplied. The position and 
number of the sternal glands vary from 
species to specie. In Rhinotermitidae 
Noirot and Noirot-Timothee (1965) reported 
that it situated at 5th abdominal ster- 
nite. We observed it at 4th abdominal 
sternite in Reticulitermes speratus. The 
gland composed of mainly secretory cells 
and sense cells, and each together at 
anterior and posterior portion of the 
gland respectively. In the secretory 
portion there are a narrow space for the 
storage of the secretory materials between 
at the cell apex and the cuticle layer. 
The cell apex had well developed microvil- 
li. The cuticle layer was to differentiate 
characteristically. One of them many small 
pit through from the inner portion to the 
out of the body were observed. In the 
posterior portion to assemble the sense 
cells the cuticle layer was to differen- 
tiate to the another structure. 


COMPARATIVE STUDY ON THE SOFT PARTS IN THE 
UMBONAL AREA OF THREE SPECIES IN GENUS 
JULIA, J. MISHIMAENSIS, J. ZEBRA AND J.SP.. 
T. Yamasu and M. Takaesu, Dept. Biol., Div. 
Gen. Educ. Univ. Ryukyus, Okinawa. 


The conspicuous marking of a milky white 
gourd-shaped form (white part) fringed with 
a chocolate brown band (brown part), seen 
in the umbonal area of the soft parts both 
in Julia mishimaensis and J. zebra (saco- 
glossan gastropod), was observed compara- 
tively under light and electron microsco- 
pes with the similar part in J. sp. which 
bore no such a marking. 

The white part of the former two species 
consists of granulated cells which are 
stained in a purple color by basic fuchsin- 
azur and methylene blue stains. The nuclei 
of them are stained in a deep purple color. 
The brown part, on the other hand, consists 
of cells with smaller granules stained in 
a blue color by the same stains. 

The equivalent part to the gourd-shaped 
marking in J. sp. consists also of cells 
with granules of a different staining na- 
ture and with no fringing band. 

Electron microscopy revealed the cells of 
the white part contained granules of reti- 
cular shaped inelusions showing a mucus- 
like nature while those of the brown part 
contained smaller and dark granules. Nuclei 
of both cell types were accompanied with 
cytoplasm containing endoplasmic reticula. 
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THE ENDOCRINE CONTROL SYSTEM OF THE SEXUAL 
GROWTH OF HERMAPHRODITE ~ THE SLUG 
(LIMAX MARGINATUS). 
N. Seo and N. Makino, Dept. of Biol., 
Tokyo Med. Coll., Tokyo. 


We reported about the endocrine control 
system of the sexual growth of the slug 
(Limax marginatus) by reproductive organ 
culutures in vitro and in vivo and season- 
al behaviors of neurosecretory cells(NSs). 
Oogenesis progresses in unhormonal condi- 
tions. Spermatogenesis is controled by NSs 
in the suboesophageal ganglion(SG) and the 
brain(Br). The development of the repro- 
ductive tract is due to 2 hormones (male 
and female) from the hermaphroditic gand. 

We investigated the distribution of 
testosterone(T), estradiol(E), FSH and LH 
in reproductive organs, Br and SG by immu- 
nohistochemical method (SAB method using 
polyclonal or monoclonal antibodies). It 
is reported that slugs have the same hor- 
mone as the vertebrate. We observed that 
vitellogenic oocytes showed immunoreactive 
E and T and some NSs of Br and SG showed 
only immunoreactive E. We investigated 
effects of T and E on reproductive organs 
from oral administration for 3-20 days to 
juvenile slugs. The growth of reproductive 
organs did not show the difference between 
administered slugs and intact slugs. 

These results suggest immunoreactive E 
and T in the slug are not identical with 
the vertebrate hormone. 


PHNOBARBITAL INJECTION IN LEECHE,HIRUDO 
MEDICINALIS ON BOTRYOIDAL TISSUE 


H.iInamura 


Dept. of Biol., Tokyo medical Coll.,Tokyo 


The studies shown that the fine structural 
changes produced in the botryoidal tissue 
of the leeches in water using both 0.1 per 
cent phenobarbital and 0.1 per cent strep- 
tmycin inhibiting synthesis of protein 
addition by electron microscopy.Previous 
studies shown that the leeches were injec- 
ted phenobarbital,and smooth endoplasmic 
reticulum was accumulated on the blood 
lumen.Under such phenobarbital conditions, 
the cells shown smooth endoplasmic retucul- 
um on the blood lumen for three days. 

Under such both phenobarbital and strept- 
mycin conditions,the cells could not obser- 
ved smooth endoplasmic on the blood lumen 
for three days.According to histocamichemi- 
cally demonstration of glucose-6-phosphata- 
se activity,reaction product is localized 
smooth endoplasmic reticulum membrane. 

The cells seem to be the functional role 


of drug metabolism. 


STUDIES ON THE ENDOPARASITES OF ANURA 

4.0N THE NEMATODA;RHABDIAS NIPONICA IN LUNGS Of RANA 
Y.Sasaki and N.Makino. Dept. of Biology.,Tokyo Med. 
Coll., Tokyo. 


The prevalence of the nematoda,Rhabdias niponica 
in the lung of Rana brevipoda porosa and Rana japo- 
nica were reported. This worm was not parasitic in 
the lung of Hyla arborea japonica. The nematoda, 
Rhabdias incerta was found in the lung of Bufo bufo 
formosus at this time. The size of R. incerta was 
more than two times of R. niponica. R. incerta was 
parasitic at the rate of 100% in B.b.f. Both para- 
sites were observed only females in the lung. These 
worms feed on blood of the host. They are known to 
show the heterogony.And also it is said that larvae 
pass with feces and develop and grow up to free liy- 
ing males and females. So, female worms were taken 
out from the lung and were tried to observed.A long 
diameter of egg was about 100um. Nomber of larvae 
from one mother worm was about from one hundred to 
one hundred and fifty.Larvae hatched out from moth- 
er worms, were observed under various following en- 
vironment; water only ,water+yeast,watertsand, water 
+soil and boiled juice of straw. Under the each en- 
vironment of the above-mentioned, any larvae were in 
high spirits for two or three days but after five 
or ten days their half died. When it passed ten days, 
only a few larvae were observed and died after from 
fourteen days to fourtyfour days.The size of larvae 
was about 500 “wm and did not change since they 
hatched out. Larvae have mass of generative cells. 
But after that,it can not observe their development. 


OBSERVATION ON THE SANDY SKELETON OF A ZO- 
ANTHID, PALYTHOA TUBERCULOSA ESPER. 
Y..uSd.mUCDE WO DLOL., bac.) OL SGds » UNLV. 
of The Ryukyus. 


’ Distribution, sizes and incorporation of 
sand grains were investigated in the body 
of a colonial zoanthid, Palythoa tubercu- 
losa Esper. Most parts of the polyp body 
immersed, excepting for the capitular por- 
tion, in coenenchyme with mesoglea filling 
entire space between polyps. Gastrodermal 
canals connected the gastrovascular cavity 
of all proximal portion of polyps in the 
colony. Sand grains in irregular shapes 
were encrusted in the mesogleal tissue as 
capitular ridges, column wall, coenenchyme 
and basal portion of the polyp body. Radio- 
active calcium incorporation test showed 
no mineral formation in the body, indicat- 
ing all grains from the environmental me- 
dium. Above eighty percent of mesogleal 
grains was below 0.25 mm in sizes. It was 
estimated that these grains did not immig- 
rated through gastrovascular cavity into 
mesogleal tissue because of no swalling 
response of cleaned spicular grains and of 
no gates for grain uptake on the surface 
of the gastrodermal tissue layer. On the 
other hand, the possibilyty of direct move 
ment of sand grains through epidermal ti 
sue layer were suggested by histologi 
observations using light- and elect 
microscopy, showing the existance of 

sand grains between epidermal cells. 
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Immunocytochemical demonstration of 
progesterone receptor in reproductive 
tracts,of adult Female rats. ask 
Y-Ohtas, T.Satoh= andatolgquchis.mDept.. oF 
BiolsUTottori Unive, sDept. OL Bio}. 
Yokohama City Univ. 

The distribution of the progesterone 
receptor (PR) was investigated immuno- 
cytochemically in female reproductive 
tracts of rats during the estrous cycle 
and early pregnancy. PR was localized 
predominantly in the nuclei of epithelial 
and stromal cells in both uterus and 
vagina at all stages of the estrous cycle. 
In the uterus, the nuclei of epithelial 
cells stained intensively at diestrus, 
while the PR-staining of stromal cell 
nuclei was more intensive at proestrus as 
compared with that at any other stage of 
the cycle. In the vagina, however, the PR 
expression during the cycle was approx- 
imately the same between epithelial and 
stromal cells whose nuclei were stained 
deep at proestrus. Ovariectomy at various 
stages of the cycle altered the PR 
expression appearing in the uterus and 
vagina during the cycle. In pregnant 
rats, the staining in the epithelial and 
stromal cells of the uterus decreased 
after reaching a maximum at 3 days of 
pregnancy, while the staining in those of 
the vagina remained weak throughout early 
pregnancy. These results indicate that PR 
expression in the uterus and vagina is 
regulated by ovarian steroids during the 
estrous cycle and early pregnancy. 


INDUCTION OF ESTROGEN RECEPTOR (ER) IN 
GENITAL TRACTS OF MALE MICE BY NEONATAL 
EXPOSURE TO DIETHYLSTILBESTROL (DES). 

Y. Fukazawa, A. Chiba, T. Sato, T. Iguchi, *Y. Ohta 
and N. Takasugi. Dept. Biol., Yokohama City 
Univ., Yokohama, *Dept. Biol., Tottori Univ., 
Tottori. 

A single injection of 2 ng DES on the day of 
birth induced ER in both epithelial (E) and 
stromal (S) cells of caput and cauda epididymides 
(Epi), and in E cells of ductus deferens (DD) and 
seminal vesicle (SV), and in S cells of ductus 
efferens (DE) and coagulating gland (CG) 24h 
after the injection. After 5 daily injections of 
DES, ER was induced in S cells of SV and 
prostate at 5 days of age. The staining intensity 
of ER increased in E cells of the caput and cauda 
Epi and DE at 5days. A single injection of DES 
stimulated cell division of both E and S cells in 
DD, caput and cauda Epi and DE; cell division of 
S cells of SV and CG was stimulated 24 h after 
the injection. After 5 daily injections of DES, 
cell division was stimulated significantly in both 
E and S cells of DD, prostate and CG, andinS 
cells of SV and cauda Epi at 5 days. Asingle or 5 
daily injections of 10 pg T or DHT stimulated cell 
division at 1 and 5 days without inducing ER. 
These results suggest that the ER induced by 
neonatal injections of DES may be functional, 
since cell division in the male genital organs was 
stimulated by DES exposure. 


ESTROGEN RECEPTOR (ER) AND ER mRNA 
EXPRESSION IN THE GENITAL TRACT OF 
FEMALE MICE TREATED NEONATALLY WITH 
ESTROGENS. 
T. Sato, T. Iguchi, N. Takasugi, *Y. Ohta, 
**H. Okamura and **S. Hayashi. 
Grad. Sch. Integrated Sci., Yokohama City Univ., 
Yokohama, *Tottori Univ., Tottori, **Dept. Anat. 
Embryol., T Metropol. Inst. Neurosci., T 
Nuclei of epithelial and stromal cells in the 
vagina and stromal cells in the uterus showed 
strong ER immunostaining at O day of age. In 
contrast, ER in uterine epithelial cells appeared 
by day 5. The number of positive epithelial cells 
and the staining intensity gradually increased 
until 10 days. In uterine epithelial cells, ER was 
induced by a single injection of 2 ug DES, 50 ug 
EQ, T or tamoxifen given at O day 24 h after the 


injection, but not by the injection of 5a-DHT, P, 1 
ug Eg and EGF. A single injection of DES 
induced ER in uterine epithelial cells even 12 h 
after the injection. ER mRNA in newborn mouse 
uterine and vaginal epithelial cells was 
demonstrated by in situ hybridization 4 h after a 
single injection of DES. A single injection of Eg 
increased ER mRNA in 12 h in adult 
ovariectomized mouse uterine and vaginal 
epithelial cells. The present results indicate that 
in neonatal mouse uterine epithelial cells, a single 
injection of DES induces ER mRNA and ER 
protein within 4 and 12 h after the injection, 
respectively. 


CHANGES IN EPIDERMAL GROWTH FACTOR(EGF) 
LEVELS AND ITS RECEPTORS IN RATS DURING 
PREGNANCY 

Kwang-Nam Hwang and K. Wakabayashi.Hormone 
Assay Center, Inst. of Endocrinol. , 


Gunma _ Univ., Maebashi. 


Epidermal growth factor is known to sti- 
mulate cellular growth and metabolism. Few 
studies, however, have been made its physi- 
ological roles during pregnancy. Therefore, 
We examined the changes in EGF levels and 
EGF receptors of blood, uterus, placenta, 
and fetus during pregnancy by homologous 
radioimmunoassay and I-rat EGF binding 
assay. EGF levels of maternal serum showed 
a tendency to decrease during pregnancy, 
especially, being lowest on 3 weeks of pre- 
gnancy(p<0.01). EGF level of fetal plasma 
was slightly higher than that of maternal 
plasma. The EGF receptor sites of uterus 
showed a peak on day 4 of pregnancy(pd0.01) 
while the affinity constant did not change 
throughout pregnancy. The EGF receptor site 
of placenta showed a transient decrease on 
day 14 and 17(P¢0.01) and this change was 
reciprocal to that of affinity constant. 
The EGF receptor sites in the fetal tissue 
showed a constant increase during pregnancy 
(p<0.01), while affinity constant showed a 
continuous decrease. These findings indica- 
te that the changes in serum EGF level in 
rat and mouse during pregnancy are differ- 
ent, and that EGF may play an important 
role in the implantation, fetal growth and 
development in an autocrine/paracrine 
fashion. 
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TOPOGRAPHICAL DISTRIBUTION OF ESTROGEN 
RECEPTOR IN THE RAT BRAIN 


S. Hayashi!, H. Ueda!, H. Okamura! and K. 
Yamamoto2. !Dept. Anatomy & Embryology., Tokyo 
Metropolitan Inst. for Neurosci., Fuchu, Tokyo and 
2Dept. Biol., Fac. Education, Waseda Univ., Tokyo. 


To visualize topographical distribution of the 
estrogen receptor (ER) in the rat brain, we produced an 
antiserum against the rat ER in a rabbit. A fusion 
protein of B-galactosidase-rER was produced in E.coli 
cells containing a full length of rER-cDNA construct. 
The rER-immunopositive materials were found by 
immunocytochemistry exclusively in the cell nuclei of 
certain regions in the brain. In the diencephalon: the 
medial preoptic nucleus, the bed nucleus of the stria 
terminalis (BST), preoptic continuation of the BST, the 
tuberal, the arcuate, and the ventrolateral part of the 
ventromedial hypothalamic nuclei, and the lateral 
habenular nucleus; In the amygdala: the basolateral, 
medial, cortical and amygdalohippocampal nuclei. 

The distribution of the ER positive neurons was also 
examined in the neonatally highly estrogenized, sterile 
female rats. Any distinct difference in the topography of 
the ER was not revealed between the sterile and 
neonatally nontreated, control females. Thus, decreased 
responsiveness of the hypothalamic function to estrogen 
in the sterile female rats seemed not due to the 
distribution of ER in the brain. 


STRUCTURE OF PORCINE FOLLICLE-STIMULATING HORMONE 
8 -SUBUNIT GENE AND NUCLEAR BINDING FACTORS. 
Y.Kato. T.Ezashi and T.Kato 

Hormone Assay Center. Institute of Endocrinology. 
Gunma University. Maebashi. 


Recent genomic sequence analyses of the 5'-untransla- 


ted region of three porcine glycoprotein subunit genes 
{common a. LHG and FSHG) revealed the dissimilarity 
each other and the presence of several unique elements 
homologous to the consensus regulatory elements. 

To elucidate the regulatory factors participating in 
the expression of FSHG@ subunit gene, gel mobility shift 
assay was performed. Nuclear proteins were extracted 
with 0.35M NaCl from porcine anterior pituitary nuclei. 
Oligonucleotides containing cyclic AMP (CREB) and 
activator protein-1l responsive element (API) present in 
the porcine FSH@ gene were chemicaily sythesized. FSH 
CRE and AP! gave mobility shift bands as same as the 
consensus CRE and AP1. But the binding affinities were 
different in comparison with other gonadotropin'’s CRE 
and API. These results may explain the differential 
expression of the gonadotropin genes. 

Nine fragments of 5° flanking region of FSHB gene 
were prepared by PCR or enzymatic digestion. A few 
fragments gave mobility shift bands. which did not 
compete with non-specific DNA competitor (plUC8). 
Especialiy. a fragment containing -900~-600 region gave 
strong signals suggesting a presence of nuclear binding 
factor(s) specific for FSH8 gene. 


ACTION SITES OF NEUROHYPOPHYSIAL HORMONE 
(AVT) IN THE BULLFROG NEPHRON. 

M. Uchiyama. Dept. Oral Physiol., School 
Dentis. Niigata, Nippon Den. Univ., 
Hamaura-cho, Niigata. 


It is reported that administration of 
arginine vasotocin (AVT) produces an- 
tidiuresis causing by both a reduction in 
the whole-kidney GFR and a decrease of 
free-water clearance in the bullfrog, 
Rana catesbeiana. However, AVT action 
sites of the nephron are unknown. In or- 
der to elucidate the AVT receptors in the 
bullfrog kidney, a micromethod reported 
by M. Imbert et al. (1975) was performed 
with modifications. Cellular cAMP produc- 
tion in response to AVT was examined in 
microdissecting segments of the nephron. 
Individual tubular segments from 
collagenase-treated kidney slices were 
dissected with fine needles under 
stereomicroscopy. Each sample was in- 
cubated for 30 min at 25°C in 50 pl in- 
cubation medium. Both cAMP and protein 
levels were measured in the sample 
tissues and the incubation media. The 
basal cAMP levels are not significantly 
different among the segments (renal cor- 
puscle, proximal and distal tubules). 
When AVT (1 pM) was added in the incuba- 
tion media, AVT activated cAMP production 
in the distal tubule but not in the renal 
corpuscle. This result suggests that Yas 
type receptors may be present in the dis- 
tal tubule of bullfrog kidney. 


A COMPARISON OF RECEPTOR-BINDING ACTIVITY AND 
IMMUNOLOGICAL ACTIVITY OF SERUM LUTEINIZING HORMONE 
IN CYNOMOLGUS MONKEYS (Macaca fascicularis). 

T. Yoshida!, T. Sankai'!, K. Ohtoh® and F. Cho'. 
‘Tsukuba Primate Center for Medical Science, N.I.H., 
Tsukuba and “The Corporation for Production and 
Research of Laboratory Primates, Tsukuba. 


Serum concentrations of luteinizing hormone (LH) 
in female cynomolgus monkeys (Macaca fascicularis) 
were determined by a radioreceptorassay (RRA) and a 
newly developed radioimmunoassay (RIA). Dispersed 
interstitia] cells of mature rat testes were used as 
the receptor preparation and the iodinated human 
chorionic gonadotropin (hCG) was used as the compet- 
itor in the RRA system. In the RIA system, the 
iodinated preparation was hLH and the antiserum was 
anti-ovine LH (YM lot no.18). The LH concentration 
was expressed in terms of LER-907 (hLH). 

Changes in serum LH levels during a menstrual 
cycle were studied in five cynomolgus monkeys by 
both assays. The serum LH level at the time of the 
surge was about 100 ng/ml determined by the RIA. 

The value obtained by the RRA is about 100 times 
higher than that obtained by the RIA. The reason wh) 
this difference occurred is not yet clear. 

The ratio of circulating LH measured by the RR’ 
to the RIA (B/I ratio) is significantly lower at the 
time of the surge than at the luteal phase (P 
Changes in the B/I ratio in the blood could b 
associated with physiological differences 
nature of LH secreted from the pituitary giand in 
this primate species. 
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ACTIVATION OF GUANYLATE CYCLASE IN THE 
TRANSDUCTION MECHANISM OF CRUSTACEAN 
HYPERGLYCEMIC HORMONE 

M. Ishida, M. Shibata, and T. Ohoka. Dept. of Biol., Fac. of 
Sci., Tokyo metropol. Univ. 


Crustacean hyperglycemic hormone (CHR), isolated and 
purified from sinus glands of Procambarus clarkii, was proved 
to be essential to activate membrane bound guanylate cyclase. 
The membrane bound and hormone sensitive guanylate cyclase 
was prepared from Procambarus heart, after homogenizing the 
tissue in the presence of proteinase inhibitors and centrifugation 
at 15,000 x g. Most prominent enzyme activation by CHH 
attained to10 - 12 fold in the presence of 2 mM Mg?+, but lesser 
extent in the presence of Mn?+. The Ka values for CHH was 
estimated to be 7.7 x 10-9 M in the presence of 4 mM Mg?+ and 
1.0 x 10°8M in 2mM Mn?+. Kinetical analysis of the 
hormonally activated enzyme reaction showed the shift of both 
Km and Vmax values. Attempts were carried out to isolate 
hormone sensitive preparation from other tissues of 
Procambarus. It was not successful with hepatopancreas, but 
membrane fraction from tail muscle showed 1.5 fold and intstine 


preparation 2.0 fold hormonal activation, in presence of Mg?*. 
Proteolytic fragmentation of CHH molecule by trypsin, Lys-C 
and V-8 protease resulted complete loss of guanylate cyclase 
stimulating activity. The hormone dependency of the membrane 
preparation was relatively labile, only 1 minute preincubation or 
solubilization by CHAPS yielded a hormone insensitive enzyme. 
To investigate the transduction mechanism of hormone action, 
effects of several nucleotide derivatives were examined. Guanine 
nucleotide analogues were inactive to promote the hormonal 
activation, but it was found addition of adenylimidodiphosphate 
(AppNHp) in the presence of Mg2+ showed a significant 
activation, suggesting the transduction might be influenced in the 
presence of ATP. 


THYROXINE AND THYROGLOBULIN IN EGGS AND 
EMBRYOS OF BULLFROG 

K. Fujikura, and S. Suzuki. Inst. of 
Endocrinol., Gunma Univ., Maebashi. 


Changes in thyroxine (Ta) and 
thyroglobulin (TG) concentrations were 
examined in eggs and embryos of the 
bullfrog, Rana catesbeiana. After 


extraction with methanol/chloroform from 
eggs and whole embryos at stages, 8~9, 19, 
22 and 24 corresponding to the 
developmental stages of Rana ipens, T4 
was measured by radioimmunoassay. Ts was 
detected at a very low concentration 
(8-10 pg/g) in eggs at 1.5 months’ before 
maturation. Moreover, a measurable amount 
of Ts, (50-200 pg/g) was detected in all 
embryos examined. The T,4 concentrations 
gradually decreased during early 
development and were at the lowest level 
in stage 22 embryos, in which the thyroid 
anlage was formed. Thereafter, the tissue 
T, slightly increased. On the other hand, 
TG was not detected in eggs and embryos at 


stages 8-9 and 19. The TG was first 
detected at stage 24, at which stage 
thyroid follicles were observed. lites 


assumed that Ts in eggs originates from 
maternal Ts and is utilized during early 
development until Tg is biosynthesized and 
Ts is secreted from the newly formed 
thyroid gland. 


EFFECT OF HYPOPHYSECTOMY AND THYROIDECTOMY 
ON SKIN-SHEDDING IN HATCHLING SNAKES. 
M.Yoshihara!', T.Murakami' and C.Oguro* 
Dept. of Oral Physiol., The Nippon Dental 
Univ., Niigata, *Toyama Univ., Toyama. 


It is well known that’ thyroid hormone 
stimulates molting in urodele amphibians, 
reptiles and birds. On the contrary, it 
has been reported that thyroid hormone in- 
hibits skin-shedding of adult snakes. 

In the present study, hatchlings of the 
snakes, Elaphe quadrivirratvanandaemr 
climacophora were used. In these species, 
the first skin-shedding takes place about 
one week after hatching. They are sub- 
jected to hypophysectomy, thyroidectomy or 
sham-operation within 16 hours after 
hatching. In the sham-operated snakes of 
both species, the first skin-shedding 
takes place normally between 6 and 8 days 
after the sham-operation. However, 
hypophysectomized or thyroidectomized 
snakes did not shed the skin until 15 days 
after the surgeries. These results indi- 
cate that the thyroid gland is do neces- 
sary for the first skin-shedding in 
hatchling snakes. 


EFFECT OF FORSKOLIN AND CALCIUM IONOPHORE 
ON THE IN VITRO RELEASE OF THYROXINE AND 
THYROGLOBULIN FROM TADPOLE THYROID GLAND 
S. Suzuki and K. Fujikura 

Inst. of Endocrinol., Gunma Univ., 
Maebashi. 


The in vitro release of thyroxine (T.z) 
and thyroglobulin (TG) from thyroid gland 
was examined in Rana catesbeiana tadpoles. 
Thyroid half lobes were incubated in 
amphibian Ringer solution containing 0.2% 
glucose and 0.1% BSA at 22°C for 5-12 hr. 
The T4 and TG released into the incubation 
medium were measured by radioimmunoassay. 
Bovine thyrotrophin (b-TSH) as well as 
tadpole pituitary homogenate stimulated 
the release of T4. Forskolin (10-6~ 
10-4M), an adenylate cyclase activator and 
b-TSH stimulated Ts release, but did not 
stimulate the release of TG so much. 
However, ionophore A23187 significantly 
inhibited the forskolin and b-TSH- 
stimulated release of Ts, and stimulated 
the release of TG. These results suggest 
that calcium influx into the cytoplasm of 
thyroid follicle cells evokes the 
transcellular transport of TG from thyroid 
colloid and consequently the release of T4 
is inhibited. 
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MORPHOLOGICAL OBSERVATION AND LIPID 
ANALYSIS OF WHOLE LUNG AND ISOLATED SUR- 
FACTANT IN BULLFROG 

A. Oguchi, K. Kawamura, M. Mita”, N. 
Ueta™, S,Kikuyama. Dept. of Biol., Sch. 
of Educ., Waseda Univ., Tokyo 169 and 
Dept. of Biochem., *Teikyo Univ., Tokyo 
ee 


The anuran lung begins to function at 
metamorphic climax. Light and scanning 
electron microscopic observation was 
carried out to see the morphological 
changes in the air-contacting epithelial 
cells in the lung of larval and adult 
Rana catesbeiana. In the adult and 
postmetamorphic froglets, highly 
geometric pattern of ridges was prominent 
in the inner surface, while the pattern 
was quite irregular in premetamorphic 
tadpoles. These ridges were lined by 
smooth muscle and blood vessels. 
Presumably, they may correspond to the 
alveolar septa in the mammalian lung. 
The epithelial cells in the ridge 
developed considerable microvilli at 
metamorphic climax. In the crypts be- 
tween the ridges, large number of fine 
granules (1-2uM¢) were observed. These 
microstructures were absent in the pre- 
and pro-metamorphic tadpoles. Phos- 
phatidylglycerol (a marker lipid of the 
surfactant in mammalian lung) was not 
detectable throughout the stages, as ex- 
amined by thin layer chromatography. 


PURIFICATION OF CHICKEN TESTICULAR 
MULLERIAN INHIBITING SUBSTANCE. 

T. Kobayashi, T. Suzuki and T. Noumura. 
ope. Of Hegquiat. Biol., Fac. of Sci., 
Saitama Univ., Urawa. 


Millerian inhibiting substance (MIS) is 
a testicular glycoprotein that causes 
regression of the male Millerian duct (Md) 
during embryonic development. Although the 
amino acid sequences of the human and 
bovine MIS molecules has been determined, 
the mammalian MISS can not’_ cause 
regression of the avian Md. Therefore, 
attempt was made to purify avian MIS from 
chicken testis. MIS activity was measured 
in a graded assay by the organ culture of 
Mds of 7-day female quail embryo. Eight- 
week-old male chicken testes were minced 
and cultured in suspension for 90 min. The 
Supernatant of cultured medium was 
precipitated at 40% saturation of ammonium 
sulfate. The desalted MIS fraction was 
applied to a DEAE Bio-Gel A column and 
eluted by NaCl in buffer. Then, MIS 
activity fraction was loaded on a CM Bio- 
Gel A column. The unbounded fraction, 
containing MIS activity, was subsequently 
loaded on a wheat germ lectin (WGL)- 
agarose column. MIS activity was eluted 
with N-acetyl glucosamine in buffer. The 
SDS-PAGE analysis under reducing condition 
indicated that this fraction consisted of 
several polypeptide bands, including 74 KD 
polypeptide to be mammalian MIS molecular 
weight. 


MOLECULAR CLONING AND NUCLEOTIDE SEQUENCE 
ANALYSIS OF cDNA FOR BULLFROG GROWTH 
HORMONE 

N.Takahashi, M.Nagano, S.Kikuyama, 
1K.Gen, 10.Maruyama, and !Y.Kato. 

Dept. of Biology, Sch. of Education, 
Waseda Univ. and }Hormone Assay Center, 
Institute of Endocrinology, Gunma Univ. 

The cDNA of growth hormone(GH) was 
specifically amplified employing 
polymerase chain reaction(PCR) method 
from cDNA encoding mRNA extracted from 
anterior pituitaries of bullfrog (Rana 
catesbeiana). Although there were some 
discrepancies between the nucleotide 
sequence of GH cDNA obtained by us and 
that of GH cDNA cloned by Pan & Chang, 
the amino acid sequence deduced from GH 
cDNA obtained by us coincided well with 
that determined by a direct amino acid 
sequencing. 

Using this cDNA as a probe, Northern 
blot analysis was performed for the 
detection of the size of GH mRNA and for 
the measurement of GH mRNA levels in the 
pituitary of larvae and juvenile frogs. 
It was revealed that GH mRNA consists of 
about 1.2kb long, and that GH mRNA levels 
were relatively low in the larvae, rose 
markedly in the juvenile frogs. 


OCCURRENCE OF NON-AMIDATED AVT C- 
TERMINALLY EXTENDED WITH GLYCINE-LYSINE 
IN THE NEUROINTERMEDIATE LOBE OF XENOPUS. 
S. Iwamuro, H. Hayashi*, and S. Kikuyama. 
Dept,. Of Biol.,,Sch., of Educ., Waseda 
UNLV .,.. LOKYO,. *i1nst. Or, EndgdoOcrinogi., 
Gunma Univ., Maebashi. 

Substances which stimulate aldosterone- 
release from the interrenals of Xenopus 
were isolated from neurointermediate 
lobes of Xenopus by Cis SEP-PAK and ion- 
exchange and reverse-phase HPLC columns. 
As a result, three active substances were 
obtained. The amino acid sequences of 
these substances were as follows: 

A: H-Cys-Tyr-Ile-Gln-Asn-Cys-Pro-Arg- 

Gly-NH2 
B: H-Cys-Tyr-Ile-Gln-Asn-Cys-Pro-Arg- 
Gly-Gly-Lys-OH 
C: H-Cys~-Tyr-Ile-Gln-Asn-Cys-Pro-Arg- 
Gly-Gly-Lys-Arg-OH 
The sequences of A and C corresponded to 
those of AVT and hydrin 1, respectively. 
The aldosterone-releasing activity of 
substance A was 10-fold higher than 
substances B and C. The latter two 
exhibited an equipotent activity. 
Substance B, like AVT, hydrin 1 and 
hydrin 2 (non-amidated AVT C-terminally 
extended with glycine), was effective in 
stimulating water flux from the isolated 
urinary bladder of the toad. Since thi 
newly-found substance B is regarded as « 
intermediate between hydrin 1 and hydr:n 
2 in terms of C-terminal form, it as 
designated hydrin 14. 
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EFFECT OF ARGININE VASOTOCIN(AVT) AND 
HYDRIN2 ON SKIN GLAND IN XENOPUS LAEVIS 
D.Kuwagaki,S.Iwamuro,S.Kikuyama 

Dept. of Biol.,Sch. of Edu.,Waseda Univ., 
Tokyo. 


Effects of arginine vasotocin(AVT) and 
hydrin2, non-amidated AVT N-terminally 
extended with glycine on the Xenopus skin 
gland in vivo and in vitro were studied. 
Minimum effective doses of AVT and 
hydrin2 injected into individual Xenopus 
weighing approximately 8g were 0.05 and 
O.lu g,respectively. In parallel with the 
response of the skin glands to AVT and 
hydrin2, the incidence of defecation from 
the cloaca was increased. Dosal skin 
pieces were immersed in saline containing 
AVT or hydrin2. They responded to the 
test substances to discharge miiky-white 
materials. Minimum effective concentra- 
tions of AVT and hydrin2 were 10-8M and 
10-7M, respectively. Histological study 
revealed that granulated glands but not 
mucous glands responded to both sub- 
stances. The granulated glands of the 
skin kept in relatively high concentra- 
tion of test substances were reduced in 
size and contained less secretory 
Material as compared with those of the 
control skin. 


ISOLATION OF N-FRAGMENT AND CLIP FROM THE 
BULLFROG NEUROINTERMEDIATE LOBES 

T. Kawasaki, H. Hayashil, S. Iwamuro, and 
S. Kikuyama. 1Dept. of Biol., Sch. of 
Educ., Waseda Univ., Tokyo. liInst. of 
Endocrinol., Gunma Univ., Maebashi. 


Two pro-opiomelanocortin (POMC) -related 
substances were isolated from bullfrog 
neurointermediate lobes by extraction 
with acid-aceton, Cjyg SEP-PAK cartridge, 
Sephadex G-50 column chromatography and 
reverse-phase HPLC (TSK ODS120T and 
Inertsil-Ph). At the final step of 
purification with HPLC, two POMC-related 
peptides A and B were obtained. The amino 
acid sequences of A and B are as follows. 

A: RELSLEFDYPDTNSEEELDNGELLEGPV 

B: RPIKVFPTDAEEESSESFPIEL 
The sequences of A and B corresponded to 
those of N-fragment and CLIP, which were 
deduced from bullfrog POMC cDNA (Pan and 
Chang, 1989), respectively. 


PURIFICATION OF BULLFROG TSH USING 
IMMUNOAFFINITY CHROMATOGRAPHY 

M. Sakail, H. Hayashi2, Y, Hanaoka2, S. Tanaka2 
and S. Kikuyamal 

1Dept. of Biol., Sch. of Educ., Waseda Univ., Tokyo. 
2Inst. of Endocrinol., Gunma Univ., Maebashi. 


Thyroid-stimulating hormone (TSH), virtually 
free from LH and FSH, was purified from the 
pituitary glands of bullfrogs, Rana catesbeiana. This 
preparation stimulated the in vitro release of T4 
from the prometamorphic bullfrog tadpole 
thyroids in a dose dependent manner. The TSH 
preparation incubated with polyclonal antibody 
(IgG fraction) against bullfrog LHa nullified T4- 
releasing activity. The TSH incubated with normal 
rabbit serum IgG retained the activity. We 
attempted further purification of this TSH by 
immunoaffinity chromatography with polyclonal 
antibody against bullfrog LHa. About 40% protein 
was adsorbed on the anti-c subunit column. The 
adsorbed fraction retained Ta4-releasing activity 
but not the unadsorbed fraction. The results 
indicate that bullfrog TSH possesses subunit 
immunologically similar to LHa as a component. 


ISOLATION OF XENOPUS PROLACTIN (PRL) 

K. Yamashita, K. Matsuda, K. Yamamoto, 
H. Hayashi+, Y. Hanaoka+, S. Tanaka?, 
S. Kikuyama. 

Dept. of Biol., Sch. of Educ., Waseda 
Univ., Tokyo 169-50 and 7Inst. Endo- 
crinol., Gunma Univ., Maebashi 371. 
Attempt was made to isolate prolactin 
(PRL) from the pituitary gland of Xenopus 
laevis. Crude PRL preparation was obtained 
from the acetone-dried pituitary powder by 
extraction with acid-acetone. Then the ex- 
tract was subjected to HPLC equipped with 
anion exchange, gel filtration and 
reverse-phase columns. At each step of 
purification, PRL fractions were monitored 
by SDS-PAGE and by Western blotting using 
antiserum against bullfrog PRL. AS a 
result, two forms of PRL with similar 
molecular weight (about 23,000) and dif- 
ferent isoelectric point (5.6 and 5.3) 
were obtained. A slight difference in the 
amino acid composition between the two 
PRLs was noted. 
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A PRELIMINARY STUDY OF PURIFICATION OF 
THE BULLFROG CALCITONIN 

H. Kai-ya, K. Ukawa, Y. Sasayama, C. Oguro 
Dept. Of - Biol., Fac. of Sci., Toyama 
Univ., Toyama. 


Calcitonin has been purified and 
sequenced so far also in other vertebra- 
tes: a cartilaginous fish; bony fishes, a 
bird and mammals. Those calcitonins are 
clarified into roughly 3 groups of salmon 
calcitonin lineage, human calcitonin 
lineage and porcine calcitonin lineage. 
The first group includes salmon calcito- 
nin, eel calcitonin and fowl calcitonin, 
and may be stingray calcitonin also, 
suggesting non-mammalian calcitonin have 
a key to elucidate the evolution of calci- 
tonin. Nevertheless, amphibian calcitonin 
has not been isolated yet. In the present 
study, about lg of ultimobranchial glands 
were dissected out from about 800 indi- 
viduals of the bullfrog, Rana catesbeiana. 
The material was frozed, pulverized and 
boiled with acidified distilled water. In 
the next step, the suspention was homoge- 
nized and centrifuged. After this treat- 
ment, large molecular proteins and lipids 
were removed from the supernatant. Then, 
the extract was subjected to reverse-phase 
HPLC on an ODS-120T column (Tosoh) with a 
liner gradient elution. Immunobloting 
method was applied to search the fractions 
which contain calcitonin. Finally calcito- 
nin was purified by subjecting immunore- 
active fractions to HPLC. The amino acid 
sequence of the bullfrog calcitonin was 
determined with a protein sequencer. 


CALCITONIN OF THE GOLDFISH 

K. Ukawa’, H. Kai-ya', Y. Sasayama', C. 
Oguro' and Y. Takei?”. 1Dept. of Biol, 
Fac. of Sci., Toyama Univ., Toyama and 
7Dept. of Physiol., Kitasato Univ. School 
of Med., Sagamihara, Kanagawa. 


Bony fishes have a large amount of 
ealcitonin in their ultimobranchial glands 
(UB). We selected the goldfish (Carassius 
auratus) as the experimental animal for 
studying roles of calcitonin in bony fish. 
About 1,800 individuals of goldfish were 
collected and UB glands were dissected 
out. The material was pulverized under 
freezing condition, boiled for 5 min with 
distilled water, acidified with acetic 
acid, homogenized and centrifuged. Fur- 
thermore, high molecular weight proteins 
and lipids were removed from the super- 
matant. Then, the extract was subjected to 
reverse-phase HPLC on an ODS-120T column 
(Tosoh) with a linear gradient elution 
from 20% to 80% CH;CN in 0.1% TFA. The 
fractions which contain calcitonin were 
examined by immunoblotting method. Final- 
ly, immunoreactive fraction was purified 
on the same column with the same solvent 
of a different percentage. The amino acid 
sequence was determined through the use of 
a protein sequencer. Furthermore, the 
sequence thus obtained was verified by 
the amino acid analysis. The amino acid 
sequence of goldfish calcitonin was dif- 
ferent in three amino acid positions (the 
3rd, 27th and 29th) from salmon calcito- 
nin, and in two amino acid positions (the 
2nd and 26th) from fowl calcitonin. There- 
fore, goldfish calcitonin was expected to 
have high hypocalcemic potency. 


HYPOCALCEMIC AND HYPOPHOSPHATEMIC POTENCY 
OF CALCITONIN OF THE STINGRAY 

Y. Sasayamal N. Suzukil c. Ogurol A. 
Takahashi? Y. Takeid T.X. Watanabe4 K. 
Nakajima4 and S. Sakakibara4 IDept. of 
Biol., Fac. of Sci., Toyama Univ., Toyama; 
Dept. of 2Molecular Biol. and 3Physiol., 
Kitasato Univ. School of Med., Kitasato, 
Sagamihara, Kanagawa; and 4Peptide Inst., 
Ina, Minoh, Osaka. 


Calcitonin is a hypocalcemic and hypo- 
phosphatemic hormone in animals’ with 
bones. The stingray, Dasyatis akajei, 
has one pair of ultimobranchial glands 
which contain a large amount of calci- 
tonin. Since the skeleton of this species 
is composed of not bones but cartilages, 
it seems to be interesting to study wheth- 
er the Dasyatis calcitonin (daCT) shows 
calcemic activity or not when administered 
to animals with bones. In the present 
study, hypocalcemic or hypophosphatemic 
potency of synthesized dCT was examined 
using the rat bioassay, and compared 
with the potencies of other calcitonins. 
The activity of dCT was estimated to 
be 1,500-3,800 IU/mg. However, when the 
duration of the hypocalcemic or hypophos- 
phatemic effect of dCT is taken into 
consideration, it was judged that dCT 
was approximately 2.4-6.2 or 2.5-4.4 
times more potent than mammalian calci- 
GOninsS,) obut e about, '2.o-3.5) Or? 72.6=4.5 
times less active than other non-mammalian 
calcitonins. 


SECRETIONS OF ABDOMINAL GLAND AND OVIDUCT ATTRACT 
NEWTS OF OPPOSITE SEX. 

F.Toyoda ', K.Matsuda?, S.Tanaka* and S.Kikuyama’. 
‘Dept. of Physiol. Nara Med. Univ., Kashihara, 
7Dept. of Biol. Sch. of Educ., Waseda Univ., 
Tokyo and “Inst. of Endocrinol., Gunma Univ., 
Maebashi. 


Treatment of newts (Cynops pyrrhogaster) with 
prolactin and gonadotropin caused development of 
abdominal gland of the male and oviduct of the 
female. The water, in which the newts” with 
well-developed abdominal gland or oviduct § had 
been kept, attracted the newts of opposite sex. 
Removal of abdominal gland or oviduct attenuated 
the attracting activity of the water. Extracts of 
abdominal gland and of oviduct markedly attracted 
female newts and male newts, respectively. The 
active principles in the abdominal gland and in 
the oviduct were soluble in water rather than in 
organic solvents. Molecular weight of the 
abdominal gland factor(s) was below 5,000 and 
that of the oviduct factor(s) was below 10,000. 
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BIOLOGICALLY ACTIVE PEPTIDES AND DRINKING 
BEHAVIOR IN THE JAPANESE QUAIL, COTURNIX 
COTURNIX JAPONICA. 
H. Kobayashi ,¥. Okawara“, Yi Tezuka® and 
Uemura 
Res. Lab., Zenyaku Kogyo, Nerima, Tokyo, 
2Dept. Anat., Sch. Med., Univ. of Ottawa, 
Ottawa, Biol. Lab.,; Kanagawa Dent. 
College, Yokosuka. 


It has been shown that several 


biologically active peptides stimulate, 
Pnhba t (Or dow not sak tect uwdachemkeinic 
behavior. Among these, the diposogenic 
action of angiotensin II (ANG II) has been 
the most extensively studied. We examined 
fifteen other peptides to determine 
whether they are diposogenic. Single 
intracranial injection required usually 
about 1 ng and intraperitoneal injection 
needed 1 to 10 yg per bird to induce 
drinking. ANG II, Q-hANP, pBNP and ET-1 
stimulated drinking. Primary receptive 
sites for these peptides were in the 
brain. Other investigators have 
demonstrated that in rats ANP is 
inhibitory, unlike in the quail. PTH(1- 
34) enhanced drinking due to copious urine 
excretion. Urotensin II also stimulated 
water intake, but the site of action is 
not known. L-Enk, TRH, SP, AVT and SOM 
inhibited drinking through the brain. 
LHRH, hCal, GRP and FMRFamide did not have 
any effect on drinking behavior. 


EFFECTS OF LONG-DAYS ON FECAL SEX STEROID 
HORMONES IN JAPANESE QUAIL KEPT IN SHORT- 
DAYS 


Nobuyuki Yamaguchi and Susumu ishii, 
Biology Department, School of Education, 
Waseda University, Tokyo 169-50 


Feces of male and female Japanese quail 
were extracted with ethyl ether. A part of 
the extract was analyzed on a reversed 
phase column of HPLC. Testosterone, 5a - 
dihydrotestosterone, progesterone and est- 
radiol-176 were detected in separate 
peaks by radioimmunoassays. Amounts of 
these separated steroids were almost equal 
to or smaller than those assayed with the 
remaining ether extract without chromato- 
graphy. This shows that the fecal steroids 
can be estimated with an ether extract 
without further purification. 

Transfer of 10 week old quails from 8L16D 
to 14L10D elevated androgen level in both 
plasma and feces in males, and estradiol 
and progesterone levels in both plasma and 
feces in females. It did not induce signi- 
ficant changes in fecal female sex steroid 
levels in males and fecal androgen level 
in females, although levels of these 
steroids in plasma were elevated. 
Non-invasive estimation of gonadal endoc-— 
rine activities may be possible by fecal 
sex steroid analysis in birds. This non- 
invasive method may be applicable to arti- 
ficial breeding of endangered birds. 


EFFECT OF ANDROGEN ON EXPRESSION OF GAP 
JUNCTION mRNA IN THE MOTONEURONS OF ADULT 
RAT SPINAL CORD. 

A. Matsumoto (1),)Y. Arai(] 2 Aye Urane 
(2).and S. Hyodo (3), (1) DeptesAnmater 
Juntendo Univ. Sch. Med., Tokyo, (2) Dept. 
Mol. Biol., Ocean Res... Insit®,) Unive okyvor 
Tokyo and (3) Dept. Biola) (ComaieaeAne ower 
Sci., Univ. Tokyo, Tokyo. 


Androgenic influence on the expression 
of mRNA for gap junction protein was 
examined in the androgen-sensitive moto- 
neurons in the spinal nucleus of the 
bulbocavernosus (SNB) in lumbar spinal 
cord by using in situ hybridization 
histochemistry. Adult male rats (Wistar) 
were castrated and implanted with Silastic 
tubes containing testosterone or nothing. 
Animals were sacrificed 4 weeks later. A 
complementary DNA encoding rat liver gap 
juncbion! protein) (a eift Brom Drea eeeoe 
Goodenough, Harvard Med. Sch.) was applied 
on paraffin sections of the lumbar spinal 
cords. Autoradiographic signals for gap 
junction mRNA were found to be localized 
on the somata and proximal dendrites of 
the SNB motoneurons. The number of sig- 
nals per motoneurons in castrates was 
Significantly smaller than that in cont- 
rols. The value in castrated testoster- 
one-replaced males was restored almost to 
the control level. These results suggest 
that androgen regulates the expression of 
gap junction gene in the SNB motoneurons. 


LORDOSIS INHIBITING SYSTEMS IN MALE RATS: 
DORSAL RAPHE NUCLEUS AND SEPTUM. 

M. Kakeyama and kK. Yamanouchi. 

Dept. of Basic Human Sciences, Sch. of 
Human Sciences, Waseda Univ., Tokorozawa. 
Roles of the dorsal raphe nucleus and the 
septum in lordosis inhibiting system in 
male rats were examined. Radiofrequency 
lesion of the dorsal raphe nucleus (DRL) or 
interruption of the septal outputs (ARD) 
was made in castrated male rats. In 
several males, both DRL and ARD were made. 
All animals were treated with estradiol by 
using Silastic tubes and lordosis was 
observed. In the results, the score of LQ 
(lordosis quotient) in the male with either 
DRL or ARD was higher than that of control 
males with no brain surgery, but was lower 
than that of females. On the other hand, 
the males with both DRL and ARD showed 
higher level of lordosis than the DRL males 
or the ARD males, the LQ being comparable 
to that of females. Thus, the two types of 
a strong inhibitory influence exist in the 
male rat brain (the dorsal raphe nucleus 
and the septum), and resist the induction 
of lordosis by estrogen. 
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INHIBITORY AND FACILITATORY SYSTEMS IN 
REGULATING LORDOSIS: SEPTUM AND MIDBRAIN 
CENTRAL, GRAY. 4 
¥.Kondo!, T.Koizumi*, Y.Arai-, M.Kakeyama , 
K.Yamanouchi'. Se of Human Sci., Waseda 
Univ., Tokorozawa,.“Tokyo Met. Matsuzawa 
Hosp., Tokyo, and 3yJuntendo Univ. Sch. of 
Med, Tokyo. 

Previous reports suggest that the 
lateral septum exerts an inhibitory influ- 
ence in regulating feminine sexual behav- 
ior, lordosis, of female rats, conversely 
the midbrain central gray exerts a facili- 
tatory influence. In this study, the 
functional relationship between the lateral 
septum and the midbrain central gray was 
investigated in ovariectomized rats. 
Lesions in the lateral septum and/or the 
midbrain central gray were made and lordo- 
sis quotients (LQ) were recorded after 
treatments of estrogen. Both bilateral and 
unilateral central gray lesions (biCGL and 
uniCGL, respectively) suppressed lordosis, 
but the scores of LQ in the uniCGL group 
were significantly higher than that of the 
biCGL group. Even after biLSL was made, LQ 
was still low in the biCGL group, while 
uniCGL females with biLSL showed high LQ, 
compared to that of uniCGL females without 
biLSL. These results suggest that the 
midbrain central gray has a strong influ- 
ence, compared to the lateral septum, in 
regulating lordosis in female rats. 


PROLACTIN, GROWTH HORMONE AND FLOUNDER 
METAMORPHOSIS 

ma cGe..Jesus~, T. Hirano!, and Y¥. Inui 
Ocean Res. Inst., Univ. of Tokyo and 
Natl. Res. Inst. of Aquaculture, Mie 


Prolactin is known for its antimeta- 
morphic actions in amphibians while growth 
hormone is ambivalent. The effects of 
ovine prolactin (oPRL) and growth hormone 
(oGH) on the resorption of the dorsal fin 
rays of the flounder (Paralichthys 
olivaceus) in vitro, as well as on 
spontaneously metamorphosing larvae were 
examined. Both oPRL and oGH (100 ng/ml) 
did not have any direct effect on the 
resorption processes in vitro. On the 
other hand, oPRL blocked the stimulatory 
action of T3. oGH was without effect. 

Intramuscular injections of oPRL (50 
ng/fish given every 3 days over 12 days) 
also delayed fin ray shortening without 
affecting the rates of eye migration and 
settling. Again, oGH was without effect. 

Results from in situ hybridization 
experiments as well as immunocytochemical 
studies indicated that the expression of 
both PRL and GH mRNAs in the pituitary was 
low initially before, but increased when 
metamorphosis was underway. However, the 
peak levels of expression occurred later 
than the time when the peaks in both 
thyroid hormones and cortisol levels are 
normally observed. 

The mechanism by which PRL antagonizes 
thyroid hormone action remains unresolved. 


CHANGES IN GROWTH HORMONE AND PROLACTIN 
MESSENGER RNA LEVELS DURING SEAWATER 
ADAPTATION OF AMAGO SALMON (ONCORHYNCHUS 


RHODURUS ) . ; i 

To Yada., “T. Kobayashi-; A. Urano and 'T: 
Hirano. Ocean Res: LASG. ) VU Va Ow 
Tokyo, Tokyo, and “Shiga Pref. Samegai 


Trout Farm, Shiga. 


To examine changes in secretion of 
growth hormone (GH) and prolactin (PRL) in 
relevance to their osmoregulatory roles, 
their plasma levels and pituitary mRNA 
levels were examined after seawater trans- 
fer in silvery juveniles (smolts) and 
precociously mature males (dark parr) of 
amago salmon (Oncorhynchus rhodurus). 
Smolts adapted well to seawater within 3 
days after transfer, whereas dark parr did 
not. The latter failed to survive in 
seawater for more than 3 days. GH mRNA 
levels and plasma GH levels in smolts 
significantly increased 1 day after trans- 
fer to seawater, whereas there was no 
significant change in dark parr. These 
results coincide with the hypoosmoregula- 
tory action of GH in salmonids. A reduc- 
tion in plasma PRL levels after transfer 
to seawater was consistently observed in 
both smolts and dark parr. Although there 
was a tendency to a decrease, PRL mRNA 
levels was not altered significantly in 
both smolts and dark parr. In response to 
seawater transfer, PRL release seems to be 
inhibited earlier than the reduction in 
PRL gene expression. 


MODE OF ACTIONS OF GROWTH HORMONE IN 
SALMONID OSMOREGULATION. 

T.Sakamoto and T.Hirano. Ocean Res. Inst., 
Univ. of Tokyo, Tokyo. 


Growth hormone (GH) has both growth- 
promoting and seawater-adapting actions in 
salmonids. Transfer of salmonids to 
seawater evoked rises in plasma 
concentration and turnover of GH. To 
clarify the mode of the GH's osmoregulatory 
actions in salmonids, we obtained following 
results using rainbow trout. A single 
class of GH receptors was present in the 
liver, gill, intestine, and body kidney. 
Insulin-like growth factor I (IGF-I) mRNA 
was detectable in the liver, gill and body 
kidney by Northern analysis. The levels of 
IGF-I mRNA in these tissues increased after 
injection of chum salmon GH. Injection of 
bovine IGF-I (0.01, 0.05 and 0.2 wg) 
improved the ability of trout to maintain 
plasma sodium levels following seawater 
transfer dose-dependently. IGF-I mRNA was 
not altered significantly after seawater 
transfer in the liver, but increased in the 
gill and body kidney after 1 day and 8 
days, respectively, following the rise in 
plasma GH. GH seems to stimulate 
hypoosmoregulatory ability by inducing 
local expression of IGF-I selectively in 
the osmoregulatory organs. However, we 
cannot exclude the possibility that th: 
IGF-I expression might occur independently 
of GH during seawater adaptation. 
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CHANGES IN EXPRESSION OF VASOTOCIN (VT) AND 
ISOTOCIN (IT) PRECURSOR GENES DURING OSMOTIC 
CHALLENGE IN RAINBOW TROUT 

S. Hyodo and A. Urano. Dept. of Biol., Coll. 
o£: Arts, & Sci:; Ocean Res. Inst., Univ. of 
Tokyo, Tokyo. 


Effects of environmental hyper- and hypo- 
osmotic stimuli on expression of VT and IT 
precursor (proVT and proIT) genes in rainbow 
trout were investigated using an in situ 
hybridization method in which 46mer synthetic 
Oligonucleotides were used as hybridization 
probes. Hybridization signals of proVT and 
proIT mRNAs were localized in neurosecretory 
neurons in the nucleus preopticus magno- 
cellularis. Specificity of hybridization sig- 
nals was confirmed by several tests including 
competition test. The intensity of proVT hy- 
bridization signals was conspicuously decreased 
after transfer from fresh water (FW) to 80% 
seawater (SW). The proVT mRNA levels of SW 
trout were consistently lower than those of FW 
trout for up to 2 weeks. After return from 80% 
SW to FW, the proVT mRNA level increased and at- 
tained the initial FW level. The proiT mRNA 
levels in SW trout were not statistically dif- 
ferent from those in FW trout, except for the 
lst day after transfer to SW. These results 
suggest that synthesis of proVT was elevated by 
transfer from higher to lower salinity. VT may 
have a physiological role in adaptation to a 
hypo-osmotic environment in salmonid fish, in 
contrast to the antidiuretic effects of neuro- 
hypophysial hormones in mammals. 


EFFECT OF THYROXINE SURGE ON KOKANEE 
SALMON MIGRATION. I: DIETARY THYROXINE 
TREATMENT. 

M.Tagawal and M.Iwata?. 10cean Res. Inst., 
Univ. of Tokyo, Tokyo. #Natl. Res. Inst. 
of Aquaculture, Nikko, Tochigi. 

Increased levels of thyroxine (T4) 
have been reported during the down-stream 
migration of salmonids, and suggested to 
play a role in the initiation of migra- 
tion. In order to clarify whether the T4 
surge is a cue or a parallel phenomenon of 
migration, the effect of an artificial T4 
surge on migration.is to be examined. 
Dietary T4 treatment was employed to evoke 
T4 surge. 

T4 supplemented diet (2 mg/g pellet) 
was offered to kokanee salmon (Oncorhyn- 
chus nerka) fry (1-2 g), and the blood 
plasma as well as body were sampled at a 3 
hours interval. Plasma T4 concentration 
started to increase 15 hours after feed- 
ing, and reached a peak level (20 ng/ml) 
at 21 hours, while triiodothyronin levels 
did not show any change. Since the total 
T4 content in the body was constantly 1-2 
pg/fish, the fish are estimated to eat at 
a rate of 0.1% of their body weight, and 
take up 1% of the T4 in the diet to the 
body. From the time course of T4 dis- 
tribution in the digestive tract, the pos- 
terior part of intestine appeared to be 
responsible for T4 uptake. Using this 
dietary T4 treatment, physiological T4 
surge in plasma can be achieved artifi- 
cially, without giving any stress to fish. 


EFFECT OF THYROXINE SURGE ON KOKANEE SALMON 
MIGRATION-II: INDUCEMENT OF DOWNSTREAM 
MIGRATION BY THYROID HORMONES. 

M.Iwata! and M.Tagawa?. !Natl. Res. Inst. 
of Aquaculture, Nikko, Tochigi, *Ocean Res. 
Insti., Univ. Tokyo, Tokyo. 

An increase of activity of thyroid and 
plasma T4 levels have been reported in sal- 
monids during the downstream migratory 
period. In order to examine the direct ef- 
fect of thyroid hormones on the initiation 
of downstream migration, an artificial T4 
surge was employed on underyearlings of 
kokanee salmon (8-20g) in artificial 
streams 20m in length. 

A T4 supplemented diet (2mg/g pellet) 
or T3 (limg/g pellet) was offered to kokanee 
in the upper pond of an artificial stream 
at 9:00 or 13:00. Plasma T4 reached a peak 
level (97ng/ml) at 6 hours, and the maximal 
level of T3 was 30ng/ml at 8 hours. The 
migrators were counted by infra-red photo 
counters at the end of stream from feeding 
time until 08:30 in the next morning. T4 
induced downstream migration at 5-52% of 
treated fish in 9 experiments, and no fish 
migrated in 4 other experiments. The con- 
trol fish migrated less than T4 treated 
fish except in one case. T3 induced migra- 
tion in all 4 experiments in which it was 
used. Ninety six per cent of migrators 
reached the lower pond at dusk when the in- 
tensity of ligh was 0.01-10 lux. These 
data suggest that the natural thyroxin 
surge prepare the fish to respond to 
unknown triggering factor(s). 


ROLE OF NORADRENALINE IN THE SEAWATER EEL 
INTESTINE. 

M.Ando and K.Kondo. Liab. of Physigl., 
Fac. of Integrated Arts and Sci., “Dept. 
of Anatomy, School of Med., Hiroshima 


The NaCl and water absorption across 
the seawater eel intestine was inhibited 
by eel atrial natriuretic peptide (eANP), 
Acetylcholine (ACh), or serotonin (5-HT). 
Noradrenaline (NA) antagonized to the 
effects of ACh and 5-HT, but not to those 
of eANP. The action of NA were mimicked 
by clonidine or guanabenz, &&-receptor 
agonists, but not by isoproterenol, a 8 - 
receptor agonist. Moreover, the effects 
of clonidine were completely blocked by 
yohimbine, an &-receptor antagonist, or 
prazosin, an &, -receptor antagonist, but 
not by propranolol, a A-receptor antago- 
nist. These results suggest existence of 
X-type receptor in the seawater eel intes— 
tine. On the other hand, the inhibitory 
effects of ACh and 5-HT were closely mim- 
icked by treatment with phorbol ester 
(PMA), 8BrcAMP and ionomycin. Even in the 
presence of these reagents, clonidine 
enhanced NaCl abgorption. Since cAMP and 
intracellular Ca remain at high levels 
under such condition, the NA agonist may 
stimulate dephosphorylation through acti- 
vating phosphatase. Okadaic acid partial—- 
ly inhibited the clonidine action. Such 
action of noradrenaline may represent a 
off-signal transduction, contrary to the 
usual on~-signal transductions. 
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RAINBOW TROUT CYTOCHROME P450AROMATASE: 
cDNA CLONING AND EXPRESSION 
M. Tanaka, T.M. Telecky, F. Fukada, S. Adachi, Y. 
Nagahama, Lab. Reprod. Biol., Natl. Inst. for Basic Biol., 
Okazaki 444 

The enzyme aromatase catalyzes the conversion of androgen 
to estrogen. A cDNA insert encoding P450aromatase was 
isolated from a rainbow trout, Oncorhynchus mykiss, ovary 
cDNA library. The insert contained an open reading frame 
predicted to encode a protein of 522 amino acid residues. The 
deduced protein is 52% homology with P450aromatase of 
human, mouse and rat and 53% homology with that of 
chicken. The insert was confirmed to encode P450aromatase 
by introducing it into nonsteroidogenic COS-1 monkey kidney 
tumor cells and detecting the conversion of exogenous 
testosterone to estradiol-17B by radioimmunoassay. The N- 
terminal region of the deduced protein was 19 amino acids 
longer than that of the other four species and found by 
hydropathy plotting to be very hydrophobic. Northern blot 
analysis revealed a single species of MRNA (2.6 kb) in the 
trout ovary that hybridized to the cDNA insert. 2.6 kb RNA 
transcripts were detected in the trout ovary during 
vitellogenesis, but not during the subsequent stages of 
oogenesis, consistent with the rapid decrease in aromatase 
activity in the granulosa cell layers during the postvitellogenic 
period. These results suggest that the ability of the granulosa 
cells to produce estradiol-178 in response to pituitary 
gonadotropin stimulation is regulated by the amount of the 
2.6 kb RNA transcripts present. 


RAINBOW TROUT CYTOCHROME P450c17 (17a- 
HYDROXYLASE/17,20-LYASE): cDNA CLONING AND 
ENZYMATIC PROPERTIES 
N. Sakai, M. Tanaka and Y. Nagahama, Lab. of Reprod. 
Biol.. Na for Basic Biol., Okazaki 444 

A dramatic shift in salmonid steroidogenesis from 
testosterone (C19-steroid) to 17a-hydroxyprogesterone (C21- 
steroid) occurs in the ovarian thecal cell layers immediately 
prior to oocyte maturation. Near the onset of spermiation, the 
salmonid testis also shifts from producing 11-ketotestosterone 
(C19-steroid) to producing 17a,20B-dihydroxy-4-pregnen-3- 
one (C21-steroid). To initiate studies of molecular 
mechanisms of the shift from C19-steroid to C21-steroid in 
salmonid fishes, we cloned a cDNA encoding P450c17 (key 
enzyme of the shift) from a rainbow trout (Oncorhynchus 
mykiss) ovarian thecal cell layer cDNA library. The cDNA 
contained an open reading frame of 1542 nucleotides encoding 
a protein of 514 amino acid residues. Comparison of the 
amino acid sequence of trout P450c17 with that of other 
species indicates that trout P450c17 shows a much greater 
homology with chicken P450c17 than with that of human, 
bovine and rat. The trout P450c17 expressed in 
nonsteroidogenic mammalian COS1 cells showed both 17a- 
hydroxylase and 17,20-lyase activities, which converted both 
pregnenolone and progesterone into dehydroepiandrosterone 
and androstenedione, respectively. The cDNA only 
hybridized to a single species of MRNA (2.4 kb) isolated from 
rainbow trout ovaries; the 2.4 kb transcripts were abundant in 
trout ovaries during the later stages of oogenesis. 


THE DEPENDENCE OF PINEAL MELATONIN 
SYNTHESIS ON LIGHT AND TEMPERATURE IN THE 
TELEOST, ZACCO TEMMINCKI. 

I.Takabatake and T.Iga. Dept. of Biol., 
Fac. of Sci., Shimane Univ., Shimane. 

In vitro studies of pineal melatonin 
secretion in fishes show that melatonin 
production is cyclical under 24-h LD 
cycles and following continuous 
darkness(DD). These results suggests that 
the pineal organs in some fishes have 
mechanisms which enables it to maintain 
the former LD cycles. However, in the 
trout pineal melatonin production did 
not display endogenous rhythmicity under 
DD condition. 

In this study, we incubated the 
isolated pineal body of Zacco temmincki 


under different photoconditions or 
thermoconditions and measured secreted 
melatonin which synthesized during 
incubation periods. Under LD condition, 


synthesized melatonin secretion was’ high 
during the scotophase and low during the 
photophase. However, endogenous rhyth- 
micity in pineal melatonin secretion 
held in DD was not detectable. The 
isolated Pineal bodies which incubated 
at various temperatures in DD secreted 
large amounts of synthesized melatonin 
as the temperature rises. From the 
present data, in the Zacco temmincki, it 
is suggested that the activity of 
melatonin synthesis is affected by 
water temperature as compared with night 
length under the natural world. 


DIFFERENT PROCESSING OF C-TYPE NATRIURETIC 
PEPTIDE IN DOGFISH HEART AND BRAIN. 

Ne Takeil, Rie Suzuki2, N. Hazon? and A. 
Takahashi‘. TDept. Physiol. and 4Mol. 
Bi Olreny Kitasato Univ. Sieh. Med., 
Sagamihara, 2Sumitomo Metal Industries 
Ltd., Sagamihara, 3Gatty Marine lLab., 
Univ. St. Andrews, U. K. 


C-type natriuretic peptide (CNP), which 
had been identified only in the brain of 
selected species of mammals, birds, 
amphibians and teleost fishes, was 
identified for the first time in the heart 
of two species of elasmobranchs, 
Scyliorhinus canicula and Triakis scyllia. 
The dogfish CNP was isolated from both 
artia and ventricles mostly in the form of 
prohormone (CNP-115). The C-terminal 
peptides of proCNP (CNP-38 and -39) were 
also identified as minor forms, but CNP- 
22, which was commonly identified in all 
brains so far examined, was not found in 
the heart. im the brain of ‘Triakis, 
however, only CNP-22 was found and no 
ProCNP and CNP-38 and -39 were identified. 
Thus, it seems that CNP is processsed 
differently in the heart and brain of 
dogfish. Dogfish CNP-22 produced al}! 
spectra of actions known to 
characteristic of any member 


natriuretic peptides. The dogfish P 
appears to be much more potent than i 
ANP in Scyliorhinus for the vasodepr or 
effect in vivo and vasorelaxant effect in 


the isolated branchial artery in v 
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INTRACELLULAR LOCALIZATION OF IMMUNO- 
REACTIVE ENDOTHELIN IN THE NEURAL LOBE. 
S.Nakamura, Y.Tezuka, T.Hirohama, T.Aoto 
and H.Uemura. Biol. Lab., Kanagawa Dental 
Coll., Yokosuka. 


Localization of immunoreactive (ir-) 
endothelin-1 (ET-1), endothelin-3 (ET-3), 
arginine vasopressin (AVP) and oxytocin 
(OT) was investigated immunocytochemically 
in the rat neural lobe by employing the 
antisera raised against EP=)  El=3. VAVP 
and OT. Ir-ET-1 was detected in the 
granules in two types of axons, A and B. 
The axon A contained secretory granules 
showing ir-AVP and the axon B contained 
secretory granules displaying LISS 
Intrapnanulan sco-localizatton Ob ic en 
and ssir—-AVP ssineithe axon Aw and that. or 
ir-ET-l1 and ir-OT in the axon B were re- 
vealed by the double immunogold technique. 
However, ET-1 immunoreactivity of the 
granules was higher in the axon A than in 
the axon B. In the rats dehydrated for 


three days, the number of secretory 
granules was decreased noticeably in many 
axons, and only a few granules showed ir- 
Ba Ir-ET-3 was observed in the rough 
endoplasmic reticulum of the pituicytes 
near the blood capillaries, and auf 


decreased after three days’ dehydration. 
These results suggest that the release of 
EL-)) and hi—seean the) ineunaleelobes 1s 
correlated with that of neurohypophyseal 
hormones. 


EFFECTS OF CASTRATION ON THE NUMBER OF LH- 
RH NEURONS IN THE DIENCEPHALON OF MALE MICE. 
Y.Inase and T. Machida 

Dept. of Regulation Biol., Fac. of Sci., 
Saitama Univ., Urawa. 


We previously reported lateral asymmetry 
in the size of neuronal nucleus of the 
preoptic area (POA) in the murine diencepha- 
lon. We further investigated the laterality 
on LH-RH neurons in the brain of male mice. 

Male mice of the CD-1 strain were 
castrated unilaterally or bilaterally at 2 
months of age and changes in the number of 
LH-RH neurons in the brain were examined one 
week after operation. The number of LH-RH 
neurons in POA and the diagonal band of 
Broca (DBB) was greater in the right side of 
the brain than in the left side. Bilateral 
castration or removal of the right testis 
caused a decrease in the number of LH-RH 
neurons in POA, while left-sided hemi- 
castration failed to affect the LH-RH cell 
number. Following administrations of varying 
doses of testosterone (T) to bilaterally 
castrated animals, the number of LH-RH 
neurons in the brain increased in proportion 
to the amount of injected T. 

The results exhibited (1) an intrinsic 
left-right difference in the distribution of 
LH-RH neurons in the murine brain, (2) 
different effects of the left-sided hemi- 
castration and the right-sided one on the 
number of LH-RH neurons, and (3) a positive 
correlation of the number of LH-RH neurons 
Wisc wy. 


ORGAN CULTURE STUDY ON THE EFFECTS OF 
GONADOTROPIN-RELEASING HORMONE ON GONADOTROPES 
OF ADENOHYPOPHYSIAL PRIMORDIA OF THE RAT. 
A. Kudo, M. K. Park, and S. Kawashima 
Zool. Inst., Fac. of Sci., Univ. of Tokyo, Tokyo 

We investigated the effects of gonadotropin- 
releasing hormone (GnRH) on the development of 
gonadotropes by organ culture. Pituitary 
primordia derived from rat fetuses at 13.5 days of 
gestation were maintained in a medium with or 
without 10°9M GnRH during the first 24 hrs. The 
effects of GnRH on gonadotropes were examined by 
immunocytochemistry and radioimmunoassay. The 
ratio of LH-immunoreactive to total cells in the 
explants significantly increased by GnRH treat- 
ment, on the 7th day (5.0% to 6.9%) and 9th day 
(6.9 to 10.1%) of the culture, while total cell 
number was not altered. Although LH released into 
the media tended to increase, the difference from 
the controls was statistically not significant. 
Tissue content of LH at the 8th day was signifi- 
cantly reduced by GnRH. Second treatment with 
10° 9M GnRH for 4 hrs after 7 days of cultivation 
resulted in a marked release of LH in either 
explants exposed to the first GnRH treatment (5.4 
fold) or those not exposed to it (5.8 fold), 
accompanying a significant decline in tissue 
content of LH (52% and 54%, respectively). These 
findings indicate that pituitary primordia at 13.5 
days of gestation are endowed with responsiveness 
to GnRH, and that the second GnRH exposure was 
effective in stimulating LH secretion more 
strongly in explants given first GnRH treatment 
than those not given. We would like to emphasize 
that the sensitivity to second challenge to GnRH 
was increased by GnRH during the early period of 
pituitary cytodifferentiation. 


EFFECT OF ESTRADIOL(E>) AND LHRH ON THE 
PROLIFERATION OF CULTURED MAMMOTROPHS IN 
THE RAT. 
}: Shinkai! 2, H. Ooka! and T. Noumura2 
Dept. of Cell Biol., Tokyo Metropol. 
Inst. of Gerontol., Tokyo and “Dept. of 
Regulation Biol., Fac. of Sci., Univ. of 
Saitama, Urawa. 


Rat anterior pituitary cells were 
cultured in MEM (+10% FBS) and changes in 
the number of mammotrophs were measured. 
Mammotrophs proliferated in MEM. No 
effect was observed by the addition of E, 
(10°-~-M, 10°°M) on fhe proliferation in 
MEM. Tamoxifen (10° -M, 10 ~M) completely 
suppressed the increase of mammotrophs in 
MEM, indicating that estrogen contained 
in FBS is necessary to the proliferation 
of mammotrophs. The proliferation was 
recovered from the effect of low 
concentration of tamoxifen by he 
addition of E>.  LHRH(107°M, 105 >M) 
stimulated the proliferation of 
mammotrophs in MEM. The increase of 
mammotrophs in MEM supplemented with LHRH 
was suppressed by the addition of 
tamoxifen. These results indicate that 
the presence of estrogen is essential to 
the basal and LHRH-stimulated 
proliferation of mammotrophs. 
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PROLACTIN PRODUCTION DURING FETAL AND 
NEONATAL DEVELOPMENT OF RAT PITUITARIES 

S. Nagata and T. Senshu. Dept. Cell 
Chem., Tokyo Metropol. Inst. Gerontol., 
Tokyo. 


It is generally accepted that rat 
pituitaries initiate prolactin (PRL) 
production at around the day of birth. 
However, we detected PRL in pituitaries at 
fetal day 18 by Western immunoblotting. 
The pituitary PRL content quickly 
increases in the rest of the fetal period, 
reaching about 20 ng/pituitary at day 22. 
It shows 2 to 2.5-fold increase in a week 
after birth and an about 7 (male) to 12- 
fold (female) increase in 7-14 days. Slot 
blot analysis of total RNA fractions 
showed concurrent increase in PRL mRNA 
levels. Sex differences in PRL contents, 
PRL mRNA and estrogen receptor mRNA levels 
become evident in 10-14 days. In primary 
culture, estrogen stimulates incorporation 
of [~~S]-amino acids into PRL in cells 
from fetuses (20 days) and neonates (1-7 
days). Combined addition of estrogen, 
IGF-I and EGF increases total protein 
synthesis as well as specific increase of 
PRL synthesis. These results demonstrate 
that rat pituitaries start PRL production 
in 17-18 day fetuses. Regulatory roles of 
estrogen, IGF-I and EGF were suggested in 
PRL production in fetal and neonatal rats. 


MAMMOSOMATOTROPHS IN THE RAT PITUITARY 
GLAND DURING THE PREPUBERTAL PERIOD. 
S.Takahashi, Zool. Inst., Fac. Sci., 
Hiroshima University, Higashi-Hiroshima. 


Immunocytochemical studies showed the 
presence of pituitary cells producing 
both growth hormone (GH) and prolactin 
(PRL) (mammosomatotroph, MS cell) in the 
adult rat. However, physiological and 
developmental significance of MS cells 
is not clear. The present study is aimed 
to verify the presence of MS cells 
during the prepubertal period, and to 
clarify the relationship between MS 
ceils and GH and PRL cells in the rat. 

The anterior pituitaries of Wistar/Tw 
rats were immunoelectron microscopically 
observed by the protein A-gold colloid 
method using both anti-rat GH and anti- 
Lost en wera €supplied: by Dr.» K. 
Wakabayashi, Gunma University). GH cells 
and MS cells were detected from 3 days 
Of age, but PRL cells. were rare at 3 
and 5 days of age. The cell volume 
densities of these cells at 3,5,10 and 
30 days of age in male rats were as 
f0ltows: GH cell; 39.9%, 48.6%, 28.4% 
ana 53.2%, MS cell; 1.6%, 2.8%, 3.2% and 
geém, PRE cells O0O%,0%,10.1% and 24.1%, 
respectively. PRL cells were detected 
after the appearance of MS cells. 
Estradiol-178 treatment (50u¢) 
at 3,4 and 5 days of age increased the 
MS-cell volume density at 6 days of age. 
MS cells are morphologically similar to 
Type III cells of each GH cell and PRL 
cell described by us (Takahashi, 1991; 
Takahashi and Miyatake, 1991). MS cell 
is assumed to be the transitional form 
of GH cells to PRL cells. 


DYNAMICS OF PRL RELEASE FROM INDIVIDUAL 
LACTOTROPHS AND THEIR RESPONSE TO INHIBIT- 
ING HORMONES IN RAT. 

A. Hactcori,./ Ne «Okano,  T..' Gkano,. My 
Miyawaki, J. Igarashi, K. Yamashita, M. 
Iigo, R. Ohtani-Kaneko and T. Suzuki 
Department of Anatomy, St. Marianna 
University School of Medicine, Kawasaki. 


Sequential plaque assay was used to 
clarify the dynamics of PRL release by in- 
dividual lactotrophs and the inhibiting 
effects of dopamine and GnRH associated 
peptide (GAP). Each lactotroph released 
hormone continuously in vitro and main- 
tained individual PRL levels. When cells 
were incubated by continuous plaque assay, 
individual PRL release was gradually 
Suppressed during the incubation time, 
Suggesting that lactotrophs have an 
autoregulatory system of PRL release at 
the single cell level. The Ca“* depen- 
dency of PRL release differed among in- 
Gividual lactotrophs. When lactotrophs 
were treated with dopamine, varying 
responses existed among cells: non- 
responsive, acutely inhibited, and long- 
term inhibited. In addition, in some 
cells, PRL release rebounded from base 
levels following the withdrawal of 
dopamine. The GAP responsive cells, 
however, showed only acute inhibition. 
These results suggest that each lac- 
totroph harbors an individual PRL releas- 
ing level and a unique responsiveness to 
inhibiting hormones. 


THE ROLE OF THE DIENCEPHALIC FLOOR IN CELL 
PROLIFERATION OF THE ADENOHYPOPHYSIAL PRIMORDIUM. 

M. Shirai and Y. G. Watanabe. 

Dept. of Biol., Fac. of Sci., Niigata Univ. Niigata. 

It has previously shown that in fetal rats the 
developing diencephalic floor stimulates the growth 
of the adenohypophysial primordium in vitro. In this 
study, we investigated the rate of cell prolifer- 
ation of the adenohypophysial primordium in vitro 
in the presence or absence of the brain. Prolifer- 
ating cells were detected by the use of the BrDU- 
labelling method. 

When the adenohypophysial primordia were removed 
on days 12.5 and 13.5 of gestation and cultivated 
with the diencephalic floor for 1-2 days, many 
proliferationg cells were observed in adenohypophy- 
sial tissue. Most of these cells were concentrated 
in the region that was in contact with the brain. 

That this proliferation is dependent on the dien- 
cephalic floor was confirmed by its translocation. 

In the absence of the diencephalic floor, the 
cell proliferative rate of adenohypophysial tissue 
became markedly low. Such low activity of cell 
proliferation remained unchanged when the brain was 
replaced by the liver primordium. 

These results suggest that the developing dien 
phalic floor contains some factor(s) which 
essential for the proliferation of adenohypophys:al 
primordial cells. 
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EVIDENCE FOR OLFACTORY PLACODAL ORIGIN OF 
LUTEINIZING HORMONE-RELEASING HORMONE 
(LHRH) NEURONS IN URODELE_ AMPHIBIAN. 

5: Murakami~, S. Kikuyama“ and Y. Arai. 
Dept. tor ES Juntendo Univ. Sch. of 

Med., Tokyo and “Dept. of Biol, Sch. of 

Educ., Waseda Univ., Tokyo. 

In order to ascertain the origin and the 
possible migration from the nose to the 
brain of LHRH neurons, the olfactory pla- 
codes of the urodelan embryos were excised 
unilaterally or bilaterally at tail bud 
stage. Operated embryos were fixed for LHRH 
immunohistochemical staining at prometamor- 
phosis(stages 58-59) and postmetamorphosis. 

Complete removal of unilateral olfacto- 
ry placode induced the absence of LHRH- 
immunoreactive (-ir) cells in the nasal 
region and ventromedial surface of the 
forebrain of the operated side at prometa- 
morphosis, while the distribution of LHRH- 
ir cells in the contralateral intact side 
was almost identical to that of the normal 
larvae. At postmetamorphosis, LHRH-ir 
cells were seen in the nasal region, ven- 
tromedial surface of the forebrain and 
septo-preoptic area of the unoperated side. 
However, LHRH-ir cells could not detected 
anywhere in the operated side. Bilateral 
removal of the olfactory placodes resulted 
in no LHRH immunoreactivity in the olfacto- 
ry-brain axis of each side at pro- and 
post-metamorphosis. These results strongly 
suggest that LHRH neurons originate from 
the olfactory placode and migrate into the 
brain during embryonic development. 


DEVELOPMENTAL FATE OF NEURAL RIDGE AND 
DIFFERENTIATION OF HYPOPHYSIS IN TOAD 
EMBRYO 

K. Kawamura and S. Kikuyama, Dept. Biol., 
Schl., Educ., Waseda Univ., 1-6-1 Nishi- 
Waseda, Shinjuku-ku, Tokyo 169-50. 


Developmental fate of the neural ridge 
of the open neurulae of Bufo japonicus 
was determined by transplantation experi- 
ments. Wild-type embryos served as the 
donor, and albino embryos as the 
recipient. The melanin granules in the 
donor cells were employed as a visible 
marker. The outer layer of the anterior- 
most neural ridge (ANR) developed into 
the upper lip and the lingual teeth. The 
inner layer between the epidermis and the 
endoderm was found to be the primordium 
of the epithelial hypophysis and a part 
of the preoptic neurons. These primor- 
dial neurons were able to migrate into 
the brain after the closure of neural 
tube. The antero-lateral portion of the 
neural ridge differentiated into the ol- 
factory epithelium and the anterior part 
of the forebrain. When the primordial 
hypophysis was transplanted into the 
embryonic tail, the graft did not develop 
into the hypophysis, but into neural 
tissue. It was concluded that the self- 
differentiating potency of the 
hypophyseal primordium is neural. 

Unknown stimuli must be necessary for the 
ANR to differentiate into the hypophysis. 


INVOLVEMENT OF PREOPTIC RECESS ORGAN IN 
BACKGROUND RESPONSE IN TOAD 

Z. Kato, K. Kawamura and S. Kikuyama, 
Dept. Biol., Schl. Educ., Waseda Univ., 
1-6-1 Nishi-Waseda, Shinjuku-ku, Tokyo 
169, Japan. 


Background response of Bufo japonicus 
is regulated by dopaminergic neurons 
which inhibit the secretion of aMSH from 
the intermediate hypophysis (IH). This 
control system is established at the time 
of metamorphosis. In the larvae, 
dopaminergic neurons are situated at the 
PVO (paraventricular organ) and the NID 
(nucleus infundibularis dorsalis). In 
addition to them, dopaminergic neurons 
develop in the PRO (preoptic recess 
organ) at the time of metamorphosis. We 
have already demonstrated by hypothalamic 
lesion that PRO is the most probable 
candidate for the center which is 
responsible for the background response. 
In the present study, the anlage of the 
PRO was removed at an embryonic stage 
(external gills fully developed). The 
operated animals did not respond to 
background change and remained dark. To 
trace the neural tracts which mediate 
dopamine to IH, a fluorescent dye (dil) 
was injected into the hypothalamic floor 
where the tracts are known to pass. A 
large number of cell bodies in the PRO 
were labelled, whereas those in the PVO 
and NID were not. These results 
supported the previous inference. 


IMMUNOHISTOCHEMICAL STUDY OF PROLACTIN AND 
GROWTH HORMONE CELLS IN THE NEWT 
PITUITARY. 

K. Matsuda and S. Kikuyama. Dept. of 
Biol., Sch. of Educ., Waseda Univ., Tokyo. 


Development and distribution of prolac- 
tin (PRL) and growth hormone (GH) cells in 
the newt, Cynops pyrrhogaster, were 
studied employing PAP method by using an- 
tiserum against newt PRL and antiserum 
against rat GH. PRL cells were first ob- 
served in the anterior pituitary gland of 
stage 39 (Ichikawa and Kajishima's table). 
GH-positive cells first appeared in the 
gland of stage 42. At this stage, a few GH 
cells were also PRL-positive, as examined 
with adjacent sections. In the subsequent 
larval stages, PRL cells began to dis- 
tribute in the ventral region, whereas GH 
cells were localized in the dorsal region. 
In the pituitary gland of juvenile and 
adult newts, the characteristics in 
localization of PRL and GH cells became 
more prominent than in the larvae. In the 
newts kept more than 30 years ina 
laboratory condition, PRL cells were in- 
variably stained, whereas immunoreactive 
GH cells no longer existed. 
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THYROTROPIN RELEASING HORMONE(TRH) IS THE 
MAJOR PROLACTIN-RELEASING FACTOR IN THE 
BULLFROG HYPOTHALAMUS 

K.Nakajima, D.Uchida and S.Kikuyama 

Depe. of Biol., Sch. of Educ., Waseda 
Univ., Tokyo. 


A substance exhibiting the most potent 
activity in stimulating the release of 
prolactin from the bullfrog(Rana 
catesbeiana) pituitary in vitro was iso- 
lated from acid extract of bullfrog 
hypothalami by Sephadex G-15 column 
chromatography, ion-exchange 
chromatography(Mono-S 5/5) and reverse 
phase high performance liquid chromatog- 
raphy. The amino acid analysis revealed 
that it consisted of equimolar of his- 
tidine, glutamic acid and proline. As ex- 
amined by radioimmunoassay, it showed TRH 
immunoreactivity. Moreover the substance 
exhibited the same chromatographic be- 
havior and bioactivity as those of syn- 
thetic TRH. The results clearly indicate 
that the major prolactin-releasing factor 
in the bullfrog hypothalamus is TRH. 


IDENTIFICATION OF SPERMIATION-INDUCING 
HORMONE IN RANA NIGROMACULATA: THE DETACH- 
MENT OF SPERMATOZOA FROM SERTOLI CELLS 
T. Kobayashi}) H. Iwasawal) N. Sakai?/and yY. 
Nagahama) Biol. Inst., Niigata Univ., 
Niigata and*Lab. of Reprod. Biol., Natl. 
Inst. for Basic Biol., Okazaki. 
Identification of the spermiation- 
inducing hormone in Rana nigromaculata was 
performed by means of an in vitro system 
for the detachment of spermatozoa from 
Sertoli cells induced by gonadotropin 
(GTH). GTH-induced spermiation was in- 
hibited in the presence of A° -38 -HSD 
specific inhibitor, cyanoketone (CK). 
Even in the presence of CK, however, 
several A‘%-steroids, i.e., progesterone 
(prog) and 17@-hydroxyprogesterone (17a- 
OHprog) induced spermiation significantly. 
To determine the steroid involved in sper- 
miation, spermiation-inducing activity of 
the steroid metabolites produced ah CaP 


pieces incubated with 14c-prog or +4Cc-17a- 
OHprog for 18 hr was examined. Marked 
spermiation-inducing activity was recog- 
nized in only one metabolite. This meta- 


bolite was identified as 17a,20a- 
dihydroxy-4-pregnen-3-one (174,20a- 
diOHprog) by recrystallizaton to constant 
specific activity. When testis pieces 
were incubated with GTH (bullfrog 
pituitary glycoprotein) for 3 hr, the 
production of 17a, 20a-diOHprog increased 
dose-dependently. These results indicate 
that the spermiation-inducing hormone in 
Rana nigromaculata is 17a,209-diOHprog. 


TESTICULAR ANDROGEN BIOSYNTHESIS IN THE 
TOAD, BUFO JAPONICUS. 
K.Kubokawa! ,H.Inano? ,K.Suzuki?,S.Ishiil. 
1Dept.Biol., Sch.Edu., Waseda Univ. ,Tokyo, 
2 Dept.Pharm., Nat.Inst. Rad.Sci., Chiba. 

Plasma gonadotropin levels increase 
vigorously when male toads form amplexus 
with females in or near the pond, but 
their plasma testosterone and 5a -DHT 
levels do not increase. We studied andro- 
gen biosynthesis of such male toads to 
know which steroid increases in response 
to the increase in gonadotropins. Toads 
used in this study consisted of the fol- 
lowing three groups: six solitary males, 
six males artificially mounted on females 
and four naturally amplexing males cap- 
tured near the pond. The mean plasma LH 
level was highest in the naturally amplex- 
ing males and the lowest in the solitary 
males, while the mean plasma DHT level was 
highest in the solitary males and highest 
in the naturally amplexing males. Although 
testicular homogenates of all the three 
groups metabolized pregnenolone and other 
substrates to 5@ -reduced steroids through 
the A‘ pathway, the amounts of the 5a - 
reduced steroids in the naturally amplex- 
ing males were significantly lower than 
those in the other groups. This suggests a 
possibility that 5a@ -reductase activity is 
inhibited by the increase in plasma 
gonadotropins in amlexing toads. None of 
metabolites, including 17a , 20a or £6 
hydroxilated steroids, showed significant 
increase in amplexing toads. 


COMPARISON OF GONADOTROPIN-RELEASING CAPACITY 
AMONG THREE TYPES OF GONADOTROPIN-RELEAS ING 
HORMONE (GnRH) IN VIVO IN MALE TOADS, 

Bufo japonicus. 

T. Karakida*; Wc Sakato-, Mi ltoh* and S. Tshi{~ 
‘Zenyaku Kogyo, Tokyo 177 and 7Dept. Biol. Sch. 
Education, Waseda Univ., Tokyo 169-50. 


GnRHs of mammalian,chicken Il and salmon types have 
been detected immunocytochemically and chromato- 
graphically in frog brains. To’ know whether or not 
these GnRHs are active on toad pituitary, we 
compared their effects on levels of luteinizing 
hormone (LH), follicle-stimulating hormone (FSA) 
and androgen in plasma. GnRH was intracardially 
injected to male toads at a dose of 2 or 10 wg/ 
100g body weight. Then, blood was collected from 
the haeart at 40 minute intervals. LH, FSH and 
androgen in plasma were measured by radioimmuno- 
assay. All the GnRHs elevated plasma levels of LH 
and FSH 40-80 minutes after injection. Slight in- 
crease in plasma androgen followed several hour: 
later in all GnRHs. These results show that a!) 
the three GnRHs existing in frog brains are ac 

on toad pituitary gonadotrophs. The toad, u 
higher vertebrates, seems to have low nmol: al 
specificity to GnRH types. 


1178 Endocrinology 


EFFECTS OF IMPLANTED TRI !|ODOTHYRONINE AND 
THYROXINE ON PLASMA CONCENTRATIONS OF LH 
IN JAPANESE QUAIL TRANSFERRED TO SHORT 


DAYS 
M. Wada 
Dept. Gen. Educat.: Tokyo Med. Dent. 
Univ.,. lLechikawa, Chiba. 

in’ the previous) Mmeport CZcolllSeSicite ad: 
1139). we showed that termination of 
breeding activity in Japanese quail jin- 


volved changes in plasma levels of thyroid 
hormones, especially an increase in T9. 
During the treatment of short days (8LI16D) 
and low temperature (1]2-hour 19 C:12-hour 


Soy, PIASMA COMCGOMERAVI GMS oF (Lh 
decreased steadily to a non-reproductive 
level and T3 increased 8-10 times. Plasma 


concentration of Tg increased 2 times by 2 
weeks after an initial decrease. 

To test a hypothesis that low tem- 
perature is mediated by the thyroid hor- 
mones, a piece of Silastic sheet contain- 
ing T4 or 15) Coo nm) isiquarte Swi the 10S enim 
thickness) was implanted to quail. The 
birds were then transferred to short days 
without a change of ambient temperature. 
One piece of 13 was not enough effective 
to suppress the plasma concentrations of 
LH but 2 pieces reduced plasma LH to the 
non-reproductive level by 2 weeks. T4 was 
not effective in either case. 

The results confirm the hypothesis 
that the thyroid gland activated by short 
days and low temperature is involved in 
termination of a breeding season. 


SYNTHESIS AND ACCUMULATION OF GTH-SUBUNIT- 
PROTEINS IN GONADOTROPES OF FISH PITUITARY 
N. Naito and Y. Nakai, Dept. of Anat. 
Showa Univ. Sch. Med., Tokyo 


In rainbow trout pituitary gland, coor- 
dinated production of gonadotropins (GTH I 
and GTH II) during ovarian development has 
been revealed that the active synthesis of 
GTH I during vitellogenesis is followed by 
a remarkable increase of GTH II as a 
maturational GTH. In the GTH I-cell, 
however, If-mRNA levels remain elevated 
even after ovulation, although a-mRNA 
levels decline prior to the ovary matura- 
tion. Then, in the present study, GTH- 
subunit proteins were examined in the 
trout pituitary using specific antisera 
against GTH If-, IIf-, and Iia-subunits by 
means of electronmicroscopic IgG-gold 
technique. GTH If-antibody reacted with 
secretory granules in the GTH I-cell, and 
IIf-antiserum stained both of secretory 
granules and large globules in the GTH 
II-cell. On the other hand, gold parti- 
cles for a-subunit were detected on secre- 
tory granules both in the GTH I- and GTH 
II-cells, although number of particles 
were much less in the GTH I-cells than in 
the GTH II-cells. However, unexpectedly, 
immunoreactivity for a-subunit were absent 
in the large globules in the GTH II-cells. 
Immunostaining for a-subunit was complete- 
ly abolished by absorbtion with the chum 
salmon a-subunit protein (10 ywg/0.5 ml 
antiserum at working dilution). 


EFFECTS OF OLFACTORY TRACT SECTION ON 
BRAIN GNRH LOCALIZATION AND GONADAL 
DEVELOPMENT IN GOLDFISH. 

M. Kobayashi’, M.Amano’, K.Aida! and 
Y.Hasegawa’. *Dept.of Fisheries, Univ. of 
Tokyo, Tokyo., 7Dept.of Obstetrics and 
Gynecology, Gunma Univ., Maebashi. 


Two types of gonadotropin-releasing 
hormone (GnRH), salmon type (sGnRH) and 
chicken-II type (cII-GnRH), are widely 
distributed in the brain of goldfish. 
Besides hypothalamic neurons, terminal 
nerve (TN) cells also produce GnRHs. In 
order to examine whether GnRHs produced 
in TN cells are involved in gonadal 
development, the effects of olfactory 
tract section (OTX) were studied. 

OTX caused a marked decrease in 
sGnRH contents in all brain areas except 
the olfactory bulbs, but showed no clear 
effects on clII-GnRH contents. When OTX 
was done on maturing females prior to the 
spawning season, such females underwent 
Ovarian maturation, and some ovulated 
during the spawning season. 

These results Suggest that GnRHs 
from the TN are not essential to GTH 
secretion involved in regulating ovarian 
deve lopment and ovulation in female 
goldfish. The physiological roles of 
GnRHs in the TN remain unknown. 


IMMUNOHISTOCHEMICAL STUDY OF GNRH SYSTEMS 
IN THE BRAIN OF THE DWARF GOURAML. 

N. Yamamoto i Y. Oka’, K. Aida“, Y. Hasegawa’, and 
S. Kawashimat. !Zo01. Inst., Fac. of Sci., Univ. of 
Tokyo, Tokyo, Deak of Fish., Fac. of Agr., Univ. 
of Tokyo, Tokyo, “Dept. of Obst. Gynecol., Gunma 
Univ., Sch. of Med., Maebashi, Gunma. 

It is known that two molecular species, 
salmon GnRH (sGnRH) and chicken GnkRH-II 
(cGnRH-I1I), exist in teleost brain and that 
several groups of cell bodies are GnRH- 
immunoreactive(ir). We employed three kinds 
of antibodies, 1) sGnRH-specific antibody, 
2) eGnRH-II-specific antibody, 3) a mono- 
clonal antibody which recognizes most of 
the GnRH molecular species, and examined 
the distribution of each GnRH molecule in 
the brain of the dwarf gourami by immuno- 
histochemistry. Furthermore, by combining 
immunohistochemistry with electrolytic 
lesions of the terminal nerve cells (TN), 
we examined the projection area of each 
GnRH-ir cell group. Three groups of GnRH-ir 
cells were identified. 1)TN is mainly 
sGnRH-ir and projects numerous fibers to 
various brain areas TN are distributed in 
whole brain regions. Only few fibers 
projected to the pituitary. 2) sGnRH-ir 
cell group was found in the preoptic area. 
Almost all the axons of this cell group 
projected to the pituitary. 3) cGnRH-II-ir 
cell group was detected in the midbrain 
tegmentum. Fibers from this cell group 
projected mainly caudally and were fewer 
than the fibers originating from TN. Thus, 
functional differences among different 
GnRH-ir cell groups are suggested. 
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IMMUNOHI STOCHEMICAL EXAMINATION ON THE CAUDAL SPINAL CORD OF 
THE EMBRYOS AND LARVAE OF THREE SPECIES OF ELASMOBRANCHS 


S.Oka' ,A.Chiba' ,and Y.Honma*. 'Dept.of Biol.,Nippon Dent.Univ., 
Niigata, *Sado Mar.Biol.Stat.,Pac.of Sci.Niigata Univ. ,Niigata. 


Using specific antisera raised against urotensins(U) I andIl, 
immunohistochemical examination was carried out on the caudal 
spinal cords of the embryos and larvae of three species of 
erasmobranchs, Triakis scyllia, Scyliorhinus torazame and Raja 
porosa. Adult fish of each species were also studied for 
comparison. The early larvae of Triakis (10 days-old after 
parturition)and Raja (3 days-old after hatching), cells and 
fibers immunoreactive to anti-U] and UI] antisera were clearly 
demonstrated in their caudal spinal cords, as in the adult fish. 
In the Scyliorhinus embryo of 32mm long, only weakly UI 1-immuno- 
reactive cells were detected as the cerebrospinal fluid- 
contacting neurons, but immunoreactivity was totally lacking 
in the smaller embryo of 14mm long. Generally, stainability 
and number of the perikarya and fibers in the caudal spinal 
cords tended to be increased as the fish grow, but no immuno- 
reactivities for Ul and UII were found in their brains. 
Interestingly, neuropeptide Y-immunoreactive innervation of 
the caudal spinal cord was observed in both larval and adult 
Triakis. 


[MMUNOCYTOCHEMICAL LOCALIZATION OF NEUROPEPTIDE Y (NPY) 
IN THE BRAINS OF THE ELASMOBRANCH AND CYCLOSTOMES. 
A.Chiba and Y.Honmé. ‘Dept. of Biol.. Sch. of Dent. at 
Niigata. Nippon Dent. Univ.. Niigata.*Sado Mar. Biol. 
Stat., Fac. of Sci., Niigata Univ., Niigata. 

Using a specific antiserum raised against synthetic 
neuropeptide Y(NPY). we examined the localization of 
immunoreactivity in the brains and hypophyses of the 
cloudy dogfish. Scyliorhinus torazame, the arctic 
lamprey, Lampetra japonica, and the brown hagfish, 
Paramyxine atami. In the dogfish. immunoreactivity 
was very widely distributed in the brain, and labeled 
perikarya were demonstrated in the ganglion of the 
terminal nerve. dorsal pallium, basal telencephalon, 
hypothalamus, tegmentum and caudal rhombencephaon. The 
labeled fibers were markedly dense in the basal telen- 
cephalon and hypothalamus, and innervation of the pars 
neurointermedia by the labeled fibers was evident. The 
lamprey brain also showed extensive distribution of the 
immunoreactivity. but labeled perikarya were observed 
gainiy in the lateral parts of the brain stem Notice- 
ably, the varicose fibers were occasionally encountered 
in the neurohypophysis. Similarly, immunoreactivity was 
widespread in the hagfish brain, but labeled perikarya 
were confined to the nucleus hypothalamicus and the 
ventrolateral portions of the caudal tegmentum No 
labeled fibers were detected in the hypophysis. These 
results suggest that. at least in the dogfish and 
lamprey. NPY or NPY-like molecule is involved in the 
neuroendocrine control of the hypophyseal function. 


LOCALIZATION OF ENDOTHELIN-1—-LIKE IMMUNO- 
REACTIVITY IN VERTEBRATES AND INVERTEB- 
RATES 

Y. Tezuka’, H. Kobayashi? and H. Uemura!. 
"Biol. Lab., Kanagawa Dent. Coll., 
Kanagawa, ?Res. Lab., Zenyaku Kogyo, Tokyo, 


The presence of immunoreactive endo- 
thelin-1l (ir-ET-1) was examined by 
employing the avidin-biotin complex (ABC) 
method with specific antiserum against 
synthetic ET-1. Ir-ET-1l was observed in 
the anterior and posterior lobes of hypo- 
physis of the rat, and in the hypothalamo- 
neurohypophysial system of the Japanese 
quail Coturnix coturnix japonica, the newt 
Cynops pyrrhogaster pyrrhogaster and the 
medaka Oryzias latipes. Immunoreactive 
perikarya and fibers were also found in 
the urophysial system of the medaka, the 
goldfish Carassius auratus, the carp 
Cyprinus carpio, the yellowfin horse mack-— 
erel Trachurus japonicus and the dogfish 
Triakis séyilia.* Coexistence of .ir-ET-1 
and immunoreactive urotensin II in the 
same neuron was observed in the yellowfin 
horse mackerel and the dogfish. In the 
nereid Perinereis sp. and the slug Limax 
Marginatus, ir-ET-1l was observed in the 
cerebral ganglion and the peripheral nerv-— 
ous system. These results indicate that 
ET-l-like substances are distributed 
widely in the vertebrates and inver- 
tebrates, and provide evidence for the 
case that ET found in mammals has a long 
evolutionary history. 


ULTRA-STRUCTURAL OBSERVATION OF THE NEURAL 
COMPLEX IN ASCIDIAN, HALOCYNTHIA RORETZI. 


M.Yanai, K.Terakado- and M. Ogawa 


I: Dept. Regulate Biol, , Face Set., and 
2 : Dept. Biol., Saitama Univ., Urawa. 


The postulated homology of the neural 
gland of the ascidian with the vertebrate 
pituitary has been the subject of several 
investigations. In our report (Yanai et 
al.,'89), the positive immunohistochemical 
reaction for mammalian LHRH was observed 
in the neural ganglion. In contrast, the 
positive reaction for silver-carp GTH was 
obtained in the neural gland. 

In this study, the neural complex in 
the ascidian, Halocynthia roretzi, was 
examined by electron microscopy. The neu- 
ral complex was fixed in 3% glutaraldehyde 
in 0.2M cacodylate buffer at room tempera- 
ture. The samples were postfixed in 1% 
osmium tetraoxide and embedded in epoxy 
resin. Thin sections were stained with 
aqueous uranyl acetate and lead citrate. 

The dense granules were observed in the 
nerve cells and their axons of the gangli- 
on and also in the dorsal strand cells. 
However, no granules were observed eithe: 
in the neural gland epithelium of in th 
binucleate cells in the gland cavity. 
Numerous small vesicles were contained 
the binucleate cells. 

The homology of the neural comp] ith 
the vertebrate hypothalamus and pit ry 
needs further investigation. 
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PATTERNS OF SEROTONIN-LIKE IMMUNOREACTIVE 
FIBRES AND SOMATA IN THE CENTRAL NERVOUS 

SYSTEM OF AEOLOSOMATIDS 

N. Takeuchi. Dept. of Biol., Miyagi Coll. 
of Educat., Sendai. 

The most primitive annelidan worms, 
Aeolosoma bengalense and A. sp., were 
examined with immunoperoxidase methods. 

Immunoreactive nerve fibres and somata 
to anti-serotonin antiserum were clearly 
demonstrated in the whole-mount prepara- 
tions of bodies of animals. 

The ladder-shape profile of the CNS is 
reconfirmed with the enzyme histochemical 
techniques to document the AchE acitivity. 

Serotonin-immunoreactive nerve fibres 
exist through the entire processes of the 
longitudinal strands of the ventral nerve 
cord and also in the cerebral ganglion. 
At least 3 pairs of immunoreactive somata 
are found in the cerebral ganglion and on 
subpharyngeal commissures, respectively. 
Only one commissure fibre is stained in 
the respective body segment. On this fi- 
bre, an immunoreactive soma is usually 
localized. 

Immunoreactive fibres to FMRFamide- 
antiserum occur similarly to serotonin- 
fibres. FMRFamid-somata and -commissures 
are much more numerous than those of 5HT- 
ones. A pair of FMRFamide somata are sym- 
metrically arranged on the right and left 
lateral sides in each body segment. 

Serotonergic neurons may thus be more 
restricted than FMRFamidergic ones in the 
CNS of aeolosomatids. 


SAMIA BOMBYXIN-RELATED PEPTIDE IS PRODUCED IN 
THE BRAIN AND HAS PROTHORACICOTROPIC 
ACTIVITY 
M. Iwami, M. Inoue, and H. Ishizaki 
(Dept. of Biol., Sch. of Sci., Nagoya Univ., Nagoya) 
H. Nagasawa, K. Maruyama, and A. Suzuki 
(Dept. of Agri. Chem., Univ. of Tokyo, Tokyo) 


Samia bombyxin-related peptide (SBRP) genes were 
first isolated from Samia cynthia ricini as a homologue of 
the genes that encode bombyxin, a Bombyx mori brain 
secretory peptide which is structurally like insulin and 
functionally like the prothoracicotropic hormone (PTTH). 
The SBRP genes are classified into families A and B 
according to their sequence homology. Each precursor 
molecule deduced from the genes has the domain 
organization of signal peptide/B-chain/C-peptide/A-chain, 
as in prepro-bombyxin and prepro-insulin. Here, we 
demonstrated, by in situ hybridization, that several (4 - 10) 
pairs of medial neurosecretory ceils produce SBRP mRNAs, 
and that the number of the cells which produce SBRP 
mRNAs changes during development depending on the 
families. In order to know whether SBRP is a 'real' PTTH, 
we synthesized a presumed mature molecule (mSBRP-B) 
which consists of A- and B-chains of the B-family SBRP, 
and determined its PTTH activity by the in vivo pupa-adult 
assay. The mSBRP-B showed the PTTH activity, but, the 
activity of mSBRP-B is one- to ten-hundredths of the 
bombyxin activity. Thus, further study must be awaited to 
define SBRP as a 'real' PTTH. 


IMMUNOLOGICAL CHARACTERIZATION OF 
BOMBYXIN-LIKE IMMUNOREACTIVE MATERIALS IN 
THE HEMOLYMPH OF BOMBYX MORI 

H.Saegusa!, A.Mizoguchi!, H.Kitahora!, H.Nagasawa~ 
A.Suzuki~, and H. Ishizaki! 

IDept. of Biol., School of Sci., Nagoya Univ., Nagoya; 
Dept. of Agr. Chem., Fac. of Agr., Univ. of Tokyo, Tokyo 


’ 


We previously obtained a monoclonal antibody raised 
against natural bombyxin-II (bombyxin-II antibody). The 
specificity of this antibody was further examined using 
another monoclonal antibody raised against a synthetic 
nonapeptide corresponding to the N-terminal amino acid 
sequence of the C-peptide of probombyxin (C-peptide anti- 
body). The results suggest that the bombyxin-Il antibody 
recognizes probombyxin as well as bombyxin. High titer 
of bombyxin-like immunoreactive material (IRM) was 
present in Bombyx hemolymph during pupa-adult develop- 
ment as assessed by radioimmunoassay using the 
bombyxin-II antibody. To examine whether this result 
represented the fluctuation pattern of bombyxin, we tried 
detecting the IRM by immunoblotting with the bombyxin-II 
antibody. In the hemolymph of male pupae and adults, the 
major IRM seemed to be bombyxin. In females, the major 
IRM was either probombyxin or an 8 kD peptide which was 
not recognized by the C-peptide antibody. These results 
Suggest that bombyxin exerts its physiological effect 
during pupa-adult development at least in male Bombyx. 


EFFECT OF TWO ECDYSTEROIDS ON THE ISOLATED 
ABDOMEN OF THE DIAPAUSING GIANT SILK 
WORM, Samia cynthia pryeri 


A.Koenuma. Dept.Biol.Fac.Sci.Shinshu Univ. 
Matsumoto 


Effects of two ecdysteroids, Q-ecdysone 
and 20-hydroxyecdysone( f-ecdysone), on the 
isolated abdomen from diapausing giant 
silk worm, Samia cynthia pryeri were 
investigated. Q-ecdysone did not induce 
apolysis of cuticle of the isolated abdo- 
men, while 20-hydroxyecdysone induced apo- 
lysis. On the fat body transplanted iso- 
lated abdomen, A-ecdysone induced apolysis 
as well as B-ecdysone. These results indi- 
cate that a real active substance for the 
target organs is 20-hydroxyecdysone in 
living insects, and &-ecdysone secreted 
from prothoracic glands changes to 20- 
hydroxyecdysone in some of the internal 
organs involved fat body previous to the 
activation of the target organs. 
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MOLTING AND METAMORPHOSIS IN THE ABSENCE 
OF PROTHORACIC GLANDS. 

ho Sakurai~ and Lawrence I. Gilbert?, 
Dept. Biol., Kanazawa Univ., Kanazawa 
920 Japan and “Dept. Biology, Univ. North 


Carolina, Chapel Hill, N.C. 27514, USA. 


When abdomens of male pupae of Manduca 
sexta were isolated on the day of 
pupation, they initiated adult 
development within 70 days. The 
implantation of pupal brains into these 
isolated abdomens accelerated the 
initiation of adult development. The 
isolated abdomens from which the testes 
were removed and those devoid of their 
gut also exhibited adult development. 
The hemolymph ecdysteroid titer in the 
isolated abdomens reached to a maximum 
level of 1.5 ug/ml. An increased 
hemolymph ecdysteroid titer was also 
observed in isolated abdomens without 
testes or digestive tract. The analysis 
of hemolymph ecdysteroids by RP-HPLC 
showed that the major ecdysteroid was 
ecdysone in the isolated abdomens and in 
abdomens devoid of their digestive tract. 
These results indicate the presence of a 
source of ecdysone in abdomen but its 
identity remains unknown. 


ON THE MECHANISMS INVOLVED IN INITIATION 
OF PUPARIATION OF Boettchrisca peregrina. 


T.Ohtaki, S.Sakurai and M.Usui. Dept. of 
Biol., Faculty of Sci., Kanazawa Univ. 
Mature larvae of the flesh fly, Boet- 
tcherisca peregrina can not pupariate 
during they contact with water. After 
the 2nd ecdysis, if larvae are allowed to 
feed at least 6 hr, they are committed to 
initiate pupariation through ca. 30 hr of 
starvation. This commitment was shown to 
take place, even larvae were placed in 
wet, and no ecdysone release was observed 
during this period. When larvae fed for 
the first 14 hr of the 3rd instar, 
subsequently experienced less than 30 hr 
of dry, and then transferred to wet, 
pupariation time of thus treated larvae 
delayed by 30 hr than that of opposite 
wet-dry combination. In conclusion, 
commitment change for pupariation 
requires at least 30 hr starvation 
irrespective of wet or dry treatment, 
but not require particular surge of 
ecdysone secretion. On the other hand, 
pupariation itself requires secretion 
of a certain amount of ecdysone which 
normally takes place for 6 to 7 hr dry 
treatment after larvae reach the maximal 
size. 


CHANGES IN THE AMOUNTS OF ECDYSTEROIDS 
DURING EARLY EMBRYONIC DEVELOPMENT OF THE 
SILKWORM, BOMBYX MORI. 

T.Masumoto, M.Kamba, Y.Mamiya and H.Sonobe. 
Dept.of Biol., Konan Univ., Kobe. 


Developmental changes of ecdysteroids 
were studied in the non-diapause and 
diapause eggs of the Bombyx silkworm. The 
amounts of ecdysteroids were determined by 
RIA after the separation by the RP-HPLC. 

Eight free ecdysteroids:ecdysone(E) ,20- 
hydroxyecdysone (20E) , 3-epiE, 2-deoxy-20E (2D 
20E) ,2-deoxyE (2DE) ,2,22-dideoxy-20E(2,22DD 
20E) and two unidentified ecdysteroids, and 
their phosphate ester(conjugated form) were 
detected throughout the embryogenesis. 

20E and E peaked at the cellular blasto- 
derm stage in both the non-diapause and 
diapause eggs. These ecdysteroids increased 
gradually in the non-diapause eggs as the 
gastrulation proceeded, whereas they 
remained at a low level in the diapause 
eggs. 2D,2D20E and 2,22DD20E peaked at the 
middle stage of gastrulation in the 
diapause eggs, whereas they peaked at the 
late stage of gastrulation in the non- 
diapause eggs. These dramatic changes in 
ecdysteroids during early development 
suggest a possibility that ecdysteroids are 
involved in a process controlling embryonic 
diapause of the silkworm. Developmental 
changes in conjugated ecdysteroids were 
also discussed in relation to those in 
free ecdysteroids. 


STRUCTURAL CHANGES OF ECLOSION HORMONE 
PRODUCING NEURONS DURING METAMORPHOSIS IN 
THE SILK MOTH Bomayx mori 
Toshio Ichikawa, Department of Biology, Faculty of Science, 
Kyushu University, Fukuoka 812 


Two pairs of eclosion hormone (EH) producing cells are located 
in the ventromedial region of the brain in the silkworm. They have 
an axon that runs down the ventral nerve cord and terminates in the 
proctodeal nerve. Structural changes of the EH cells after pupation 
have been examined by intracellular injections of Lucifer yellow 
into the cells at various developmental stages during the 
metamorphosis. After pupation (AP), many fine collaterals branch 
out from the axon in the ventral region of the brain. About 24 hr 
AP, a few axon collaterals exit the brain to enter the ipsilateral 
NCC-1+2 that connects the brain to the corpus cardiacum (CC)- 
corpus allatum (CA) complex. 2 days AP, the axon collaterals 
invading into the NCC-1+2 become thicker and ramify in the CC. 
A few terminal processes extend into the allatal nerve (AN) and the 
NCC-RN that merges into the recurrent nerve (RN) beneath the 
aorta. A few collaterals branching off from the axon invade into the 
contralateral brain hemisphere after crossing the midline of the 
brain. 3 days AP, the number of terminal processes in the AN and 
the RN increases and several processes extend to the CA. The 
contralateral axon collaterals reach the CC. The growth of the axon 
collaterals appears to be almost completed in 5 days AP, because 
the terminal structure of the cells at 5 days AP did not significant y 
differ from that at 9 days AP, the day of adult ecdysis. The term nal 
processes have numerous varicosities. The varicose appear: of 
the axon terminals disappears after eclosion. The resu!!  gges 
that the EH triggering the adult ecdysis is released ‘orn axon 
terminals in the CC-CA complex and RN. 
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MECHAN!ISM OF SYNTHESIS AND 

SECRETION OF DIAPAUSE HORMO- 

NE OF THE SILKWORM, BOMB YXMOR | 
Se UNGCIS TH “etic a Sin fant 22 Ue 

Ec.o Oe Va uRwe S 6 asteG he Gieln tion. aahey.— 

OetaOiees CLINGEVEe Ries Selo Vacate NG VEO REROR 

pce Ai a be A A ice Bg Epes SE NO De 5 RN 

Diapause hormone of the 
silkworm, Bombyx mori is rel- 
eased into haemolymph from 
the suboesophageal ganglion 
Ot ja, female Pp uipra so aedeigacpra— 
VRESORH PFOCWCAr. Pine rale@ase 

of the hormone from suboes— 
OMIA ZeSal BAM TOM mas baan 
Sine win wer los @Gomsrealiiad lay 
the pupal brain through cir-— 
cumoesophageal connectives. 
Recently, the involvement of 
GABA on the control! of rele- 
ase of the hormone was indir 
Gat edi. 

In the present study, dist— 
Ei but ion: oo GAB Aer etic neuron 
s and their axons was obser— 
ved with immunohistochemica|l 

staining using anti GABAan— 
tab od! vi. 

We also report the affect 
O17 winrgeS PrOnrOinh SvymMrhnesis 
inhibitors on the hormone 
synthesis Dn Valco, TUISsIon ee tune 

suboesophageal ganglion of 
the female pupae two days 
after pupation. Only cyclohe-—- 
ximide, an inhibitor of tran-— 
slation, showed inhibitory 
effect on the hormone synthe 
Saiese 


ORIGIN OF GROWTH-BLOCKING PEPTIDE 
Y.Hayakawa, Biochem.Lab., Inst.of Low Temp. 
Sci., Hokkaido Univ., Sapporo. 

Host insect growth is often inhibited 
and developmentally arrested in the larval 
stage by parasitoid wasps. This develop- 
mental alteration of the host insect allows 
the parasitoid wasp to complete its larval 
growth before emerging from the host larvae 
The developmental arrest can be reproduced 
by injection of parasitoid ovarian calyx 
fluid containing the symbiotic virus which 
is normally injected by female wasps into 
the host at oviposition. This study demons- 
trated that injection of four female equiv- 
alent amount of only calyx virus into last 
instar larvae of unparasitized host army- 
worm clearly retards larval growth and, 
consequently, causes a delay in pupation. 
Injection of plasma peptide prepared from 
the armyworm larvae which injected with the 
same amount of calyx virus reduces the 
weight gain of the treated larvae. Further- 
more, injection of plasma peptide prepared 
from unparasitized armyworm larvae younger 
than Day 0 last larval instar also retards 
larval growth of the treated last instar 
larvae. Although, at present, it is not ob- 
vious whether these plasma peptides are i- 
dentical with growth-blocking peptide which 
initially purified from the last instar 
larval plasma of the parasitized armyworm, 
it is reasonable to propose that viral 
infection and age should have a certain 
relationship to the presence of the growth- 
blocking peptide in the host insect larvae. 


STUDY OF PHOTOPERIODIC TIME-MEASUREMENT 
SYSTEM IN THE ASIAN COMMA BUTTERFLY, 
POLYGONIA C-AUREUM: ROLES OF CIRCADIAN 
CLOCK AND HOURGLASS TIMER. 

K.Endo, N.Kusumoto, Y.Kakuo, M.Matsufuji 
and N.Matsushima. Environ. Biol. Lab., 
Bol. Insit., “hace. of Sci. swamaquen 
Univ., Yamaguchi. 


Polygonia c-aureum exhibits two dif- 
ferent seasonal polyphenisms, seasonal 
morphs and adult reproductive diapause. 
Development of the polyphenisms is go- 
verned by photoperiod and temperature 
exerting during post-embryonic develop- 
ment. 

Under complete photoperiods, P. c— 
aureum forms a response curve having two 
critical daylengths (CDs), ca. 3 and ca. 
13 hr at 20°C. The CD shorter than the 
other extends with temperature incre- 
ment, whereas the other stable to 
temperature shortens to 10.6 hr under 
asymmetrical skeleton photoperiods. 

One of CDs shorter than the other 
May come from an hourglass timer which 
is indicated to exist on the basis of a 
response curve obtained under resonant 
conditions. In addition, shortening of 
the longer CD observed under asymmet-— 
Yrical skeleton photoperiods seems to be 
explained on a circadian clock gating 
PTTH-secretion. The clock is thought 
to be reset every day in a way that a 
specific phase comes to the midpoints 
of night under complete photoperiods. 


THE SWEET POTATO HORNWORM, AGRIUS 
CONVOLVULI, AS A NEW EXPERIMENTAL INSECT: 
DEVELOPMENT OF AN ARTIFICIAL DIET FOR 
REARING THROUGHOUT THE YEAR 

K. Kiguchi, M. Kiuchi and S. Takeda. 
National Institute of Sericultural and 
Entomological Science, Tsukuba, Ibaraki. 


In order to create a new experimental 
insect for the study of developmental 
biology, efforts were made to develop a 
continuous rearing system for a large 
lepidopteran insect, Agrius convolvuli, a 
species closely related to the tobacco 
hornworm, Manduca sexta, a popular 
experimental insect in the field of insect 
physiology and biochemistry. 

By modifying some components and 
compositions in the artificial diet of the 
silkworm, Bombyx mori, a diet suitable to 
Agrius convolvuli was developed. The diet 
contained 20% sweet potato leaf powder for 
the 1st to 4th instar larvae and 5% leaf 
powder for the final 5th instar. Through 
this method the hornworm could be 
successfully reared on the diet at least 8 
generations. Both individual and mass 
rearing systems were also developed. In 
addition it was possible to collect the 
eggs indoor even during the winter season. 
Thus the novel method of rearing paved a 
way to raise the insect to make it 
available all through the year for 
conducting research. 
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CHARACTERIZATION OF THE YELLOW MARKING IN 
THE INTEGUMENT OF THE TERRE STRIAL ISOPOD, 
ARMADILLIDIUM VULGARE. 

M. Nakagoshi and S. Negishi.* Biol. Lab., Kitasato Univ., 
Sagamihara. * Dept. of Biol., Keio Univ., Yokohama. 


One of the terrestrial isopod, A. vulgare, usually appears dark 
gray in the body color of the adult male, being due to accumula- 
tion of ommochrome granules in chromatophores beneath the 
cuticle layer. On the other hand, the adult female shows various 
body color from gray to brown, and has characteristic yellow 
markings which are composed of 3 to 5 small yellow spots 
aligned on both sides along the dosal median line. We found a 
network of multiple pigment cells containing a number of pig- 
ment granules which emit yellowish fluorescence at the yellow 
markings under the light and fluorescent microscopy. Electron 
microscopic examination showed these granules to be composed 
of concentric arrangement of membranes and to be electron-lu- 
cent and distinguishable from electron-dense ommochrome gran- 
ules. These morophological properties were similar to those of the 
pterinosome in frog or those of the pterin granule in silkworm. 

Based on TLC, UV-spectrophotometric and HPLC analyses, 
the yellow pigment in the yellow markings of A.vulgare was iden- 
tified as sepiapterin. In the male which does not externally display 
yellow markings, the sepiapterin content in the integument was 
about two times greater than in the brown female. The gray fe- 
male which looks like the male in appearances showed the same 
level of sepiapterin as the male. These quantitative differences 
between male and female suggest that the pteridine metabolism in 
A. vulgare may be regulated by some hormones which is related 


to sex determination. 


THE CHANGES IN THE STRUCTURE OF INTEGUMENT 
BY ANDROGENIC GLAND HORMONE IN ARMADILLIDI- 
UM VULGARE. 

S.Negishi and Y.Hasegawa. Dept. of Biol., 
Keio Univ., Yokohama. 


In Armadillidium vulgare the normal 
color in adult male is dark slaty-gray, 
whereas light gray or brown in female. 
This fact might suggest that androgenic 
gland hormone (AGH) is involved in the 
development of the body color. The differe- 
nce of body color in male and female may 
be due to the quantity of ommochrome granu- 
les and/or fine structure of the integument. 
The implantation of androgenic gland is 
known to cause young female of A.vulgare 
to masculinize. Therefore, the changes 
of integument during masculinization were 
examined with respect to the fine structure 
The body color of masculinized female 
gradually changed from brown to _ slaty- 
gray with every molt, and after 6th molt 
became the same color as male following 
masculinization. Electron microscopic 
examination of the integument showed that 
epidermal cells below the cuticle became 
richer in glycogen granules, and the dista- 
nce between the cuticle and ommochrome 
granules increased ever more than in the 
regular female of the same age. These 
findings suggest that AGH develops dark 
Sslaty-gray characteristic of male body 
color, which may be structural color exhib- 
ited by ommochrome granules located in 
the integument through epidermal cell 
layer. 


ON THE FUNCTION OF THE MANDIBULAR ORGAN 
OF THE CRAYFISH, PROCAMBARUS CLARKII 

S. Nishikawa and Y. Taketomi. Dep. of 
RAOleseekacvweOLmDGl., Kumamoto . Unive. 
Kumamoto, 860 

The role of the mandibular organ 
(M0) remains obscure. Several recent 
studies have demonstrated that the MO 
seems to be homologous to the corpola 
allata in insects. therefore, we studied 
development of the ovary. Using electron 
microscopy, the MO of the crayfish, 
Procambarus clarkii was studied during 
the development of egg cells in the 
ovary of the adult (C.L. 35-45mm), 
Oviposition, the brooding eggs, and the 
first month after hatching. The MO is 
also studied in immature samples (C.L. 
15mm). 

The sinus gland is thought of as a 
site of storage and release of various 
neurohormones. One of neurohormones is 
the ovary-inhibiting neurohormones. We 
also studied the ultrastructure of the 
MO taken from eyestalkless crayfish. 

The ultrastructure of the MO cells 
of both organ at one month after 
hatching and the removal of eyestalks, 
exhibits a changes. The MO contain many 
rod-shaped mitochondoria, and a mass of 
extensive smooth endoplasmic reticulum. 
These MO cells seem to be more active 
than other ones. 

These results suggest that there 
is interrelation between the MO and the 
development of egg cells in the ovary. 


MOLTING CONTROL IN THE SHRIMP, CARIDINA 
DENTICULATA Dy 
y. Taketomi and K. Miura 

Dept. of Biol., Bac. of Sci., Kumamoto 
Univ., Kumamoto. “Ogawa Junior High 
School, Uto City, Kumamoto. 

Crustacean eyestalks have long been 
known to be a source of molt-inhibiting 
hormone. But as we reported previously, 
after the next molt, almost all of the 
bilateral eyestalkless shrimp, Caridina 
denticulata remained in St.C or St.D,. 

The sinus gland of the freshwater 
prawn, Caridina denticulata, during St.A 
to St.D, was studied electron microscopi- 
cally. At least three types of axon 
terminals can be distinguished, based 
on size, shape and electron density of 
the neurosecretory granules. Type A- 
terminals contain large granules ranging 
800 to 1500 A. Type B terminals contain 
granules 600 to 1200 A in diameter. Type 
C terminals contain small granules (500 
- 700 A). Type D terminals contain pale 
or transparent neurosecretory granules 
with limited membrane. Type D terminals 
seem to be the same as the Type A 
terminals. Neurosecretory granules (Type 
A and B) at stages D, and D, are denser 
than at stages A and C. 

The change of the sinus gland during 
the molt cycle and the manners of release 
of the granules are examined. These 
results are discussed in relation to the 
possible site of production of the 
molting hormone in this species. 
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AGE-RELATED CHANGES OF BONE OF WISTAR/TW 
FEMALE RATS. I. THE FEMUR. 

Y. Kobayashi’, K.Shimoura’, Y.Tanabe‘ and 
K.Hattori?. “Dept. of Pharmacol. and 
“Radioisotope Res. Lab., Shimane Med. 
Univ., Izumo. 


Aged Wistar/Tw rats show polyuria and 
polydipsia. In addition, last year we 
reported marked enhancements of urinary 
calcium concentration and urinary calcium 
excretion with aging in the Wistar/Tw 
female rats. In the present study, the 
femurs of females of the strain in 5 months 
of age (Mo) and 22 Mo were compared. 
Increases of urinary volume, urinary 
calcium concentration and urinary calcium 
excretion with aging were confirmed. The 
density of the femur in X-ray photograph of 
aged rats was apparently lower than that of 
young rats, suggesting the loss of some 
Materials from the bone. Significant 
reductions of dry weights, defatted weights 
and ash weights, but not fresh weights, of 
the femur were observed in aged rats. 
Calcium concentration in the femur was 
reduced significantly in aged rats. In 
aged male rats of Wistar/Tw_ strain, 
enhancement of urinary calcium concen- 
tration was not observed, suggesting the 
possible interaction of estrogen and this 
phenomenon. In conclusion, calcium in 
the femur was decreased in aged Wistar/Tw 
females and these results suggested the 
source of the enhanced secretion of calcium 
was the bones. 


CIRCULATING MATERNAL TESTOSTERONE 
PHYSIOLOGICALLY CONTROLS 
FETAL GROWTH 


K. Tsutsui 


Dept. of Rad. Biophys., Kobe Univ. School of Med., 
Kobe. 


Circulating maternal testosterone markedly 
changes during the second half of pregnancy. To 
determine the role of circulating maternal 
testosterone in fetal growth, pregnant rats were 
used in the present study. One or two silastic 
plate-implantations of testosterone to pregnant 
mothers during 14-21 days of gestation reduced the 
weight of fetuses on the 21st day of gestation in 
a dose-dependent manner. Plasma testosterone 
concentrations on gestation day 21 in pregnant 
mothers treated with one plate were in proximity 
to those in normal mothers on gestation day 18, 
which were physiologically maximum. Ineffectiveness 
of 5 a-dihydrotestosterone, a nonaromatizable 
androgen, and a greater effectiveness of estradiol- 
17 8 were observed in the weight of fetuses. In 
contrast, continuous treatment with aminoglu- 
tethimide, an inhibitor of adrenocortical 
steroidogenesis, for 7 days to pregnant mothers 
increased the fetal weight and decreased maternal 
plasma testosterone. Furthermore, there was a 
negative correlation between endogenous testosterone 
of pregnant mothers and the weight of their fetuses 
in the normal physiological condition. These 
results suggest that circulating maternal testosterone 
contributes to fetal growth as a negative factor. 
Such an effect of testosterone may be mediated 
by converted estradiol-17 8 in a certain region. 


EFFECTS OF DANAZOL ON RAT PROSTATE GLAND 
Ke Sawakil, S. Sa amoto“, Dye Mori?, 
2: Suzuki~, H. Kudo and H. Nagasawa 
Experimental Animal Research, Laboratory, 
Meiji University, Kawasaki, Department 
of Endocrinology, Medical Research 
Institute, Tokyo Medical and Dental 
University, Tokyo, ~Zoological Institute, 
Faculty of Science, University of Tokyo, 
Tokyo. 


Effects of danazol, an isoxazol deriva- 
tive of the 17&-ethinyltestosterone, on 
activities of thymidylate synthetase and 
thymidine kinase, DNA-synthesizing 
enzymes included in de novo and salvage 
pathways of pyrimidine metabolism, 
respectively, in rat prostate gland were 
investigated. Danazol markedly reduced 
plasma level of testosterone, and weight 
and both enzyme activities in prostate 
gland. These results indicate that 
danazol shows a potency as an antiandro- 
genic rather than the antigonadotropic. 


DIFFERENTIAL EFFECT OF TESTOSTERONE AND 
DIHYDROTESTOSTERONE ON GROWTH IN MOUSE 
SUBMANDIBULAR GLAND. 

K.Sawada and T.Noumura 

Dept. Regulat. Biol., Fac. Sci., Saitama 
Univ., Urawa 


Sex difference of the mouse submandibu- 
lar gland was evident on day 30, when both 
the relative occupied areas (ROA) and the 
mitotic rates of granular convoluted 
tubules (GCT) in the male glands were 
superior to those in the female glands. 
These sex differences were caused by 
androgens. Neonatally-castrated mice 
received daily treatment with testoster- 
one or dihydrotestosterone (DHT) for 1-20 
days from day 20. The ROA of GCT were 
increased in both sexes by treatment with 
testosterone for 10-20 days, but with DHT 
for 7-20 days. The mitotic rates of GCT 
were increased in only males by treatment 
with testosterone for 10-13 days, but in 
both sexes with DHT for 2-7 days. Tritiat- 
ed testosterone was incubated in vitro 
with the glands from 20- and 30-day-old 
mice of both sexes, but could not be 
converted to any radioactive metabolites, 
including DHT. These results suggested 
that the responsiveness of the gland to 
two androgens was different, DHT being 
more effective than testosterone, and that 
testosterone might exert its effects 
without any intraglandular conversion to 
DHT. 
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HORMONAL MODULATION OF PRORYL ENDOPEP- 
TIDASE AND DIPEPTIDYL PEPTIDASE IV. ACTIVITIES 


IN THE MOUSE UTERUS 

N. Ohta! T. Takahashi?, T. Mori?, S$. Kawashima? 
K.Takahashi? and H. Kobayashi'. 'Res. Lab., Zenyaku Kogyo, 
Co., Ltd. ,Tokyo, ?Zool. Inst., and 3Dep. of Biochem., Fac. of 
Sci., Univ. of Tokyo, Tokyo 


Prolyl endopeptidase (PEP) and dipeptidy! peptidase IV (DPP) 
are proline-specific proteases, and are ubiquitously distributed in 
various tissues in mammals. PEP cleaves peptide bonds on the 
C-terminal side of prolyl residues of peptides and DPP releases 
dipeptides from the NH>-terminal end of peptide chains provided 
that the penultimate residue is proline. The specific activities of 
these proteases in the uterus and ovary were examined in SHN 
mice at estrus or diestrus. MCA assay using fluorogenic 
substrate was used for the determination of enzyme activities. 

Marked change of PEP activity was found in the uterus and 
ovary during estrous cycle, the activity being high in the estrus 
and low in the diestrus. In the ovariectomized mice, however, 
significant difference of PEP activity was found in the uterus 
exposed to progesterone but not estrogen, when compared to the 
activity in ovariectomized mice treated with the vehicle oil only. 
On the other hand, notable difference of DPP activity during 
estrous cycle was found only in the uterus. The activity was low 
in the estrus and high in the diestrus. In the ovariectomized mice, 
the uterus treated with estradiol showed low activity of DPP in 
contrast to those treated with progesterone or the vehicle only. 

These findings reveal that there is a close correlation between 
the levels of ovarian steroids and the activities of these proline- 
specific enzymes. Further study on the physiological roles of 
these enzymes in the reproductive organs is needed. 


EXPRESSIONS OF ONCOGENES AND THEIR 
PRODUCTS IN FEMALE GENITAL TRACTS OF 
POSTPUBERALLY ESTROGEN-EXPOSED AND 
NEONATALLY DIETHYLSTILBESTROL-EXPOSED 
MICE. 

K. Kamiya, T. Sato, T. Iguchi, N. Takasugi and K. 
Kanol, Grad. Sch. Integrative Sci., Yokohama 
City Univ., Yokohama, !Dept. Physiol. Chem. 
Nutrition, Fac. Med., Univ. Tokyo. 

Expressions of oncogene products and 
oncogenes were studied by immunohisto- 
chemistry and northern blot analyses in the 
uterus and vagina of 50-day-old ovariectomized 
mice before and after estradiol (E, 1 ug/20 g BW) 
injection, and of mice treated neonatally with 2 
ug DES. Fos and Jun proteins were increased by 
E stimulation in the uterus and vagina. In 
neonatally DES-exposed mice, both proteins 


showed stronger expressions than in the controls. 


mRNAs of c-fos and c-jun were increased in the 
uterus and vagina by E stimulation. c-fos mRNA 
in the uterus increased 9-fold in 2 h; c-jun mRNA 
in the uterus and vagina increased 3.3-fold and 2- 
fold in 1 h, respectively. In neonatally DES- 
exposed mice, expressions of c-fos and c-jun 
mRNAs in the uterus and/or vagina were 2-3 
times higher than in the controls. These results 
indicate that the cell proliferation of the uterus 
and vagina by E involves activation of c-fos and c- 
jun genes and their products, and that these 
oncogenes and their products may play a role in 
the ovary-independent changes in the uterus and 
vagina of neonatally DES-exposed mice. 


PROTEOLYTIC PROCESSING OF POMC (PRO- 
OPIOMELANOCORTIN) OCCURS ALSO IN THE 
SECRETORY GRANULES IN THE RAT ANTERIOR 
PITUITARY CORTICOTROPHS. 

S.Tanaka and K.Kurosumi, Dept. of Morph., 
Inst. of Endocrinol., Gunma Univ., 
Maebashi. 


To examine intracellular processing 
site of POMC, we generated specific 
antibodies against uncleaved POMC and a 
cleaved peptide (amidated joining peptide; 
JP-NHo). In ultrathin frozen sections of 
corticotrophs, two distinct types of 
secretory granules (SG) were observed: one 
was small dense granules, and the other 
was large lucent granules. The ultrathin 
frozen sections were double-immunolabeled 
with 10nm-gold particles for uncleaved 
POMC and with 5-nm gold particles for JP- 
NH». The uncleaved POMC was localized on 
electron-dense SG, while immunolabeling of 
JP-NH»o was found exclusively on the 
electron-lucent SG as seen on the same 
sections. Colocalization of the precursor 
POMC and cleaved POMC peptide as shown by 
the presence of both sized gold particles 
on the same SG was observed in rare cases. 
In the Golgi cisternae only POMC immuno- 
labeling was detected. These results 
suggest that some steps of proteolytic 
processing of POMC occur in the SG on the 
way of transport between the two distinct 
types of SG in the anterior pituitary 
corticotrophs. 


GROWTH OF MOUSE PLACENTAL CELLS AT 
DIFFERENT STAGES OF PREGNANCY IN 
RESPONSE TO GROWTH FACTORS AND 
STEROID HORMONES IN VITRO. 

K. Yamada, N. Tani, T. Iguchi, *Y. Ohta and N. 
Takasugi. Dept. Biol., Yokohama City Univ., 
Yokohama, *Tottori Univ., Tottori. 

Two types of placental cells were distinguished 
in vitro: small mono-nuleated cells (trophoblast- 
like cells; T) and large flattened cells containing 
2-3 nuclei (decidual cells; D). D on all days of 
gestation were non-proliferative, regressing with 
time in culture. T showed 15-fold increase in 18 
days of culture in the medium containing 10% 
FBS. 17$-Estradiol (E,10-9 and 10-8 M), 
progesterone (P, 10-19 -10-8 M), and a 
combination of E and P (10-9 M each) stimulated 
proliferation of T only on the 6th and the 10th. 
Keoxifene (2 x 10-7 M), but not tamoxifen, 
significantly inhibited the E-induced growth of T. 
Testosterone and 5a-DHT did not stimulate 
growth of Ton the 10th. Both mouse and human 
EGF (10 and 100 ng/ml) and human TGF-a (10 
ng/ml) stimulated the proliferation of T on the 
6th and the 10th but not on the 14th and the 
18th. The present results indicate that E, P, EG 
and TGF-a were effective in stimulating the in 
vitro growth of T from early pregnancy, but 
ineffective in stimulating the proliferation « yn 
any day of gestation and T on the 14th ar th 
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PURE CULTURE AND PROLIFERATION OF FROG 
MELANOPHORES 

S. Takeuchi and Y. Kobayashi. Dept. of 
Biol., Fac. of Sci., Okayama Univ. 


In order to examine the regulation 
of color change at molecular level in 
the frog, it is necessary to isolate 
melanophores as a pure cell population. 

H. Ide reported before the success- 
ful isolation and cultivation of prol- 
iferating bullfrog melanophores. Under 
his reported conditions, cell prolifera 
tion occured 3 to 4 weeks after inocu- 
lation and the cell doubled their 
number about every 5 days. 

In the present study, we improved 
the culture conditions to facilitate 
the cell division. We isolated melano- 
phores from the dermis of a tree frog 
( Hyla arborea ). The cell was cultured 
in diluted Leibovitz-L15 medium suppl- 
emented with 20% FBS, 16nM PMA and 
2nM cholera toxin. Cell proliferation 
was observed 4 to 6 days after inocul- 
ation. The cell proliferated with a 
population doubling time of 25h. and 
it continued even when the cells piled 
up. These cells under this conditions 
retained a characteristic of melanoph- 
ores, that is, possessing melanin 
granules. 


ACID SOLUTION STIMULATION OF PITUITARY 
INTERMEDIATE LOBE CELLS IN MICE 

K. Okuda, S. Takeuchi and Y. Kobayashi. 
Dept. of Biol., Facult. of Sci., Okayama 
Univ.. Okayama 

Our recent study revealed that Sc 
injection of NH4Cl for 5 days resulted in 
hightened the cellular activity of the 
pituitary pars intermedia and that an 
effective dose of NH4Cl and the duration 
of time were in a range of limitation. 

In the present study, 0.5M NH4Cl was 
administered for 10 days at a _ sublethal 
dose of 0.2-0.3 ml/10g B.W., and examined 
fine structural changes of the pituitary 
pars intermediaCP!), adrenal and kidney. 
Morphometrical analysis of the PJ indicat- 
ed that % area of the r-ER increased from 
14.4+1.1 to 30.641.2; the number of Golgi 
immature granules per unit area’ increased 
from 2.840.2 to 3.6740.2; whereas the 
numerical density of secretory granules 
decreased from 3.0+0.1 to 1.840.153; showing 
a significant rise in protein synthesis 
and a decrease in the numerical density 
of secretory granules. The distal tubules 
of the kidney contained abundant mitochon- 
dria in NH4Cl received mice. These stud- 
ies suggest that the pars intermedia 
hormone and kidney, may be involved in the 
regulation of acidosis in mice. 


Endocrinology 


ELECTRON MICROSCOPY OF THE RESTORATION 
FROM INJURY OF THE ANTERIOR PITUITARY 
AFTER EXPERIMENTAL HEMORRHAGE IN MICE 
T.Nakano, I.Koshimizu, S.Takeuchi, Wa 
kobayashi, Dept. of Biol., Fac. of Sci., 
Okayama. 


Hemorrhage into the anterior pituitary 
occurs immediately after ip injection of 
9% NaCl at a dose of 0.03ml/g B.W. Al- 
though large portion of the anterior lobe 
is occupied by necrotic changes, restora- 
tion from injury begins soon by the end 
of a week. In the present study, estradi- 
ol dipropionate(Depot E2), a stimulator 
of prolactin{PRL)cell proliferation, was 
injected at a dose of 0.006mg/g B.W. 
after hemorrhage. 

On day 7, the extensive necrotic area 
contained many degenerated granular cells 
and some active macrophages with occa- 
sional acidophils in E2 given mice and 
the control. Remaining granular cells 
survived were located mainly at the 
periphery of the anterior lobe and were 
normal in appearance. On day 21 in mice 
given E2, the necrotic area decreased and 
the anterior lobe increased in volume. 
PRL cells contained well developed endo- 
plasmic reticulum(ER) and small irregular 
secretary granules. GH cells had lamellar 
rER in the cytoplasm. 


CELL PROLIFERATION AND DIFFERENTIATION 
OF THE ANTERIOR PITUITARY AFTER 
EXPERIMENTAL PITUITARY HEMORRHAGE. 


Ie Koshimizu, T. Nakano, S. Takeuchi and 
Yee Kobayashi. Dept. of Biol., Fac. of 
Sci., Okayama Univ., Okayama 


Intraperitoneal injection of 9% NaCl 
(0.3m1/10¢g BW.) induces intense and 
extensive pituitary hemorrhage in mice. 
During the restoration of injury after 
hemorrhage, cell proliferation and cell 
differentiation of the anterior pituitary 
were assessed by bromodeoxyuridine (BrdU) 
and immunohistochemistry in mice treated 
with or without esrtadiol dipropipnate 
(E2; 6.6ug/g BW., sc., once a week). Most 
of cells incorporated BrdU were negative 
for antisera of pituitary hormones. 
These proliferating cells might arise from 
undifferentiated cells. The immunopositive 
cells such aS prolactin (PRL), growth 
hormone (GH), and gonadotropin decreased 
in number significantly as compared with 
those of controls. Despite E2 treatment, 
PRL cells did not increase in number until 
5 weeks after pituitary hemorrhage. 
Instead, GH cellsS augmented in number at 3 
to 5 weeks after pituitary hemorrhage both 
in oil controls and in mice treated with 
E2. These results indicate that immature 
reserve cells seem to differentiate 
predominantly in GH cells when pituitary 
cells recover from hemorrhage. 
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GROWTH COMPETITION BETWEEN TWO 
PARAMECIUM SPECIES IN A CLOSED SYSTEM. 
Y.Takagi!, R.Tomino!, A.Shimizu! and T.Uezu?. 
1Dept. of Biol. and 2Dept. of Physics of Nara 
Women's Univ., Nara 630 


“Gause's law" or "competitive exclusion principle" 
tells that two ecologically alike species can hardly 
live together. This law originated from the Gause's 
famous experiments in which P. aurelia and P. 
caudatum were cultured together in a semi-open 
system. Because some uncertainties concerning the 
methods to distinguish two species and to apply the 
Lotka-Volterra's equation have remained unsolved, 
we reexamined the classical work by culturing P. 
tetraurelia (Pa) and P. multimicronucleatum (Pm) 
in a closed system. We found that Pa survived while 
Pm became extinct when they were cultured together 
in the standard culture medium. This was repeatedly 
observed irrespective of the initial ratios of Pa:Pm = 
1:9, 1:1 and 9:1. But, both Pa and Pm survived in 
the culture medium supplemented with stigmasterol, 
which enhanced growth rate of Pm. The results were 
also reproducible irrespective of the initial ratios. 

Our experimental results were not explained well 
by computer simulation of the Lotka-Volterra's 
equation. 

For more detail, see Takagi et al. (1991) Seibutsu- 
Kagaku (Iwanami), Vol.43 (No.3):141-148. 


MATURE CELLS ATTRACTING CELLS OF THE COMPLEMEN- 
TARY MATING TYPE IN EUPLOTES WOODRUFFI SYNGEN 3 
(CILIOPHORA). 

T. Kosaka. Zool. Inst., Fac. of Sci., Hiroshima 
Univ., Higashi-Hiroshima. 


By using a trap which was devised for attract- 
ing ciliate cells, effects of gamone-like subs- 
tance of attraction of cells of Euplotes were 
studied. Various types of cells such as the same 
mating type cells, complementary mating type 
cells, immature cells, conjugating pairs, and 
exconjugants were used as bait in the trap. The 
cells were prepared for bait by freeze-thawing. 
Mature cells were attracted to the complementary 
mating type cells, but not to the same mating 
type cells and immature cells. Gl phase cells 
as well as late S to D phase cells attracted the 
complementary mating type cells. Conjugating 
pairs and even exconjugant cells had attraction 
for mature cells. Exconjugant cells which were 
at 6 cell divisions after conjugation had lost 
their attracting ability. Immature cells, on the 
contrary, showed no interest in mature cells. 
Food organisms for bait gathered both mature 
and immature cells more rapidly than mature 
cells did. Preliminary studies showed that 
mature cells of £. woodruffi syngen 3 had no 
effect of attraction of mature cells of & 
woodruffi syngen 1 and £. aediculatus. 


LOWER SALINITY TOLERANCE AND CONTRACTILE 
VACUOLE ACTIVITY IN SPONGILLA ALBA, FRESH- 
WATER SPONGE LIVING INTHE BRACKISH WATER. 
Y, Watanabe and M. Seimiya. Dept. of Biol. Fac. 


of Sci., Ochanomizu Univ., Tokyo. 


Spongilla alba has been reproted to distribute only in 
brackish water environments throughout the word. 

In Japan the species has been found in the two brackish 
lakes, Hinuma and Lake Shinji. _S. alba occured not 
only in oligohaline water in Lake Shinji, but also in fresh 
water area of the nver which flows into Lake Shinji. 
Itis not found in more higher salinity mesohaline and 
polyhaline waters. S.alba occured from freshwater 
area of salinity 0.1°%o0- 0.6 eto olygohaline area of 
Salinity 1.0%00-3.0%oo . 

We examined hatchability of the gemmules of S. alba 
cultivating in the medium of salinity from 10.7 Yooto 
0.4%oo, the gemmules indicated hatchabilitty as high as 
control. These results showed that the minimum 
salinity tolerance of S. alba_may be lower than the 
Salinity conditions previously known. 

We observed the activity of contractile vacuoles as 
osmotic regurator using time lapse video. At 3%oa the 
same salinity in Lake Shinji, contractile vacuoles were 
not observed, though when the medium was reduced 
under 1.2°%o0, the contractile vacuoles appeared and 
worked actively . 


Alteration of distribution pattern of Acropora 
hyacinthus in a regeneration process and its 
histological investigation. 

Y.Kakinumal, J.Tsukaharal, T.Hayashibara?: 
K.Shimoike? and H.Suzuki3. Dept. of Biol., Fac. of 
Sci.,Kagoshima Univ., Kagoshima, *Akashima Mar. 
Sci. Lab. Zamami, 3I.B.M., Yamato. 

The polyp colony of this species forms a "table- 
like shape". More over, the shape of its upper 
part is like vertically standing teeth of comb. 
Each tooth consists of branch of axial polyps and 
radial polyps. After the colony edge was cut off 
in the shape of letter V, polyps were horizontally 
regenerated from both cutting sections, fused at 
the contact section, and the number of polyps 
increased in the direction of the colony edge; 
consequently a colony grew. There is difference 
between growing speeds of polyps at the cut-off 
section and the "none cut off part", and the 
removed place is rather rapidly reformed by growth 
and fusion of polyps at both sections. 

The density of regenerated polyps in the colony 
at each tooth is the same as that of the normal 
polyps. On the one hand the thickness of the 
skeletons at the base of the colony is different in 
the regenerate part the reformed skeleton became 
porous from the histological viewpoint. On the 
other hand, there is a difference between norma] 
tissue and regenerated tissue for the case of a» 
polyps and radial polyps respectively. Thes 
differences depend on the kinds of nematocyst j 
on whether or not the existence of zooxant! 

There is no difference in the generated pz 
between axial polyps and radial polyps. 
tissues of regenerated part is very sin 0 
normal tissue of radial polyps. 
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NATURAL AUTOTOMY BY SKELETAL DISSOLUTION 
IN A CORAL DIASERIS DISTORTA, 

-Yamashiro and M.Nishihira 
Radioisotope Lab. Univ. of the Ryukyus, 
Biological Institute. Tohoku Univ. 


A solitary and free living coral D. 
distorta is composed of several segments 
with radial slits. This coral reproduces 
asexually by splitting a corallum along 
slits into several wedge-shaped fragments. 
So far, this fragmentation was thought to be 
conducted by the force from outside. 

However, both morphological and 
rearing observations of the present study 
revealed that the coral has the ability to 
autotomize by itself by means of skeletal 
dissolution without any disturbance. 
Skeletal dissolution, recognized as chalky 
appearance, proceeded from underside (aboral 
side) of a corallum and run on the walls 
which connected each segment, where 
skeletons were porous and thinner than other 
part of the wall. At the chalky portion, 
ordinary dense and closely packed crystal 
bundles changed into loose and pulverized 
ones. 

These results suggest that the skeletal 
structure is designed to be broken easily, 
moreover, skeletal dissolution seems to be 
programmed to break the weakest part of 
the corallum. The soft tissues seem to be 
involved in skeletal dissolution which 
enables decisive natural autotomy of the 
coral. 


COMPARATIVE STUDIES ON THE REPRODUCTIVE 
MODE AMONG THREE GENERA OF CORALS BELON- 
GING TO THE FAMILY POCILLOPORIDAE LIVING 
IN DIFFERENT GEOGRAPHICAL AREAS. 

K. Yamazato, M. Sai and M.Nakamura. Dept. 
Cpe isoeltoay, (Gollils ene SEito., Whlahyo O28 EMe 
Ryukyus, Okinawa. 

We studied some reproductive parame- 
ters of the Okinawan populations of Serj- 
atopora hystrix and Stylophora pistillata, 
and compared with the results of a previ- 
ous study on the Okinawan population of 
Pocillopora damicornis. Comparisons are 
also made with the results of the studies 
made on the other populations of the same 
species. All three species were found to 
be hermaphroditic, producing a few mature 
oocytes per polyp which develop into one 
or a few planulae. The mature oocytes and 
planulae of the former two species are 
about of the same size, whereas those of 
P. damicornis are smaller than the two. 
S. hystrix was estimated to release pla- 
nulae all the year round, whereas S. pis- 
tillata during three months from April to 
June. The reproductive period of P. dami- 
cornis is 8 months from May. In Palau, 
it was reported that all the three species 
release planulae throughout a year. Com- 
parison of the results obtained for the 
populations of different latitudes sup- 
ports the suggestion made by some workers 
that the reproductive period is longer in 
the equatorial areas and becomes more and 
more sharply defined at higher latitudes. 


AN EURYPHAGOUS AND A STENOPHAGOUS 
AEOLID NUDIBRANCH SPEICES INHABITING 
TOGETHER AHYDROID EUDENDRIUM 
BOREALE . 


Y. M. Hirano & Y. J. Hirano. Kominato Lab., Mar. 
Ecosyst. Res. Cent., Fac. of Sci, Chiba Univ., Chiba 


Ecological survey on two species of aeolid 
nudibranchs, Flabellina athadona (Bergh, 1875) and F. 
amabilis Hirano & Kuzirian, 1991 was conducted in 
Oshoro, Hokkaido. It was found that F. athadona feeds 
on various hydroids including Eudendrium boreale 
which is the only food for the other aeolid, F. amabilis. 
Both species occurred for approximately 4 months from 
late December to April. F. amabilis was found from 
Eudendrium throughout the season, while F. athadona 
was seldom found from Eudendrium in early season. 

Settlement sites of the veligers on food hydroids for 
adults were investigated. Veligers of F. amabilis were 
always found on Eudendrium itself, while those of F. 
athadona were found on other hydroids but not on 
Eudendrium. \t seems thatF. athadona's veligers 
cannot settle on Eudendrium, and as the result F. 
athadona does not appear on the hydroid in early 
season. Later on F. athadona, as they grow, begin to 
travel among different hydroid species including 
Eudendrium. Almost equal size of veliger and adult of 
the two aeolid species considered, it is not answered 
why F. athadona's veliger cannot settle on Eudendrium 
which is one of the important food items of the adults. 


OVIPOSITION PROCESS OF 3 GENERATIONS IN 
RELATION TO ALARY DIMORPHISM OF A WATER 
STRIDER, AQUARIUS PALUDUM INSULARIS. 

T. Harada and H. Numata. 

Dept. of Bilol., Bac. of Seis). OsakamGury, 
Univ., Osaka. 


Overwintering adults laid eggs in spring 
with relatively, high (about 60 eggs per 
5 days and female) and constant pace for 
about 35 days in average and died in both 
wing forms under natural conditions. In 
the first generation which had nymph stage 
mainly in May (average temp.: about 20°C), 
brachypterous and macropterous adults 
showed more fecundity in late reproductive 
period than in the early stage, and after 
that they died. However, adults of the 
second generation (average temp. in nymph 
stage: »>»27°C) oviposited at higher rate in 
early reproductive life than in the later 
period in both wing forms, and 13 among 15 
males and 7 among 15 females survived and 
entered diapause after the reproductive 
period. In the next spring, 2 pairs and 1 
male survived and, again, participated in 
reproduction. Macropterous females showed 
long preoviposition average period for 
33.2 days (brachypterous ones: 13.5 days) 
in the first generation, whereas it was 
short in the second generation (macro- 
pterous females: 12.3 days; brachypterous 
female: 6 days). High temperature (28°C) 
in the nymph stage induced shorter preovi- 
position period and more fecundity in the 
reproductive period than low temperature 
(20°C)in a laboratory experiment. 


Behavior Biology and Ecology 1189 


SELF-SELECTION OF LIGHT AND DARKNESS IN 
THE CRICKET, GRYLLUS BIMACULATUS. 

T.Adachi and I.Nakatani. Department of 
Biology, Faculty of Science, Yamagata 
University, Yamagata. 


Crickets could choose light/darkness 
(L/D) by one of two seesaws during 12h 
each day (L/D 12) or all times (AT) under 
constant temperature of 2641 °C. Four cases 
were examined; the state of light-on and - 
off were interchanged by 1) the cricket 
riding on or 2) leaving the seesaw, and 
the state of 3) light or 4) darkness’ con- 
tinuing while the cricket stayed on the 
seesaw. In each case, crickets’ chose 
darkness about 90% against the phase which 
the cricket could choose L/D. The rate of 
choosing darkness decreased to about 65% 
after beginning stridulation under AT. 
There was no periodicity in choice of L/D 
and locomotory activity through nymph and 
adult before the beginning of stridu- 
lation. After beginning stridulation, 
locomotory activity and stridulation oc- 
curred in the dark phase which the cricket 
can not choice L/D under L/D12. Under AT, 
stridulatory activity occurred at light, 
and both stridulatory and locomotory ac- 
tivity showed free-running rhythms’ each 
with a mean period of about 24.5h, in any 
case of 1)-4). The results’ show that 
crickets may go in and out from their 
shelters irregularly in field, if their 
activity is considered without regard to 
daily temperature change. 


COMPARATIVE ACTIVITY RHYTHM OF CACONEMO- 
BIUS CAVE CRICKETS ON HAWAII ISLAND. 
l.Nakatanil, F.G.Howarth2 and F.D.Stone$ 


Wept. of Biol., Fac. of Sci., Yamagata 
Univ., Yamagata; 2Dept. of Entomol., 
Bishop Mus., Honolulu, Hawaii; & 3General 
Education Div., Hawaii Community College, 


Hilo, Hawaii. 


Caconemobius is a genus of wingless and 
mute Hawaiian crickets, which evolved from 


a@ marine ancestor. C. sp A and C. varius 
live only within dark, humid caves. C. sp 
A is blind, but C. varius has poorly de- 
veloped ocelli. The nocturnal seacoast 


cricket, C. sp C, has weil developed eyes. 
Under continuous darkness and constant 
temperature (20°C), locomotory activity of 


C. sp A was aperiodic; 18 of 38 C. varius 


and 20 of 25 C. sp C showed free-running 
rhythms with mean periods of 24.0 + 0.lh 
(SE) and 24.5 + 0.03h, respectively, while 


the others were aperiodic. Under light- 
dark cycles (LD 12:12) C. sp A_ remained 
aperiodic, even when the illumination was 


220 lux. The activity of most of the C. 
varius and C. sp C_ synchronized to the LD 
(1/0 lux) cycles; the crickets being more 
active in darkness. The activity of 5 of 
29 C. varius and 7 of 11 C. sp C increased 
a few hours before darkness. Some C. va- 
rius, aperiodic under DD, had a transient 
period when synchronizing to LD(1/0 lux) 
cycles. The present results demonstrate 
that C. sp A has lost the ability to 


estimate the time of day, but C. varius 


still has an endogenous clock. 


THE EFFECT OF STIMULUS INTENSITY ON THE 
FRACTAL FEEDING BEHAVIOR IN DROSOPHILA. 
I. Shimada!, Y. Minesaki! and H. Hara-. 
IDept. Biol. Sci. and 2Dept. Eng. Sci., Fac. 
Eng. , Tohoku Univ., Sendai. 

With our automatic analysis system for 
the feeding behavior of Drosophila melano- 
gaster, we have obtained a huge amount of 
time series data. Temporal patterns of 
velocity show clear self-similarity over 
three-digit magnification in time. We have 
deduced the distributions and autocorrela- 
tion function C(t)s of dwelling time on 
foods, velocity and other behavioral para- 
meters. The resulted C(t)s typically obey 
the inverse power law over two or three- 
digit in time. 

The effects of stimulus intensity were 
clearly observed on the distribution and 
correlation of dwelling time, while they 
were scarcely detected on those of velocity. 
The fly's velocity, therefore, may be inde- 
pendent of its environment and inherent in 
the Species. 


MOLECULAR CHARACTERISATION OF SPINSTER, A 
MUTANT SHOWING UNUSUAL REPRODUCTIVE 
BEHAVIOUR OF DROSOPHILA MELANOGASTER 

Y. Sano, R. Ueda, S. Togashi, S. Tsurumura, 
K. Sato and D. Yamamoto, Mitsubishi Kasei 
Institute of Life Sciences, Tokyo 


In order to understand the mechanisms 
of animal behaviour in molecular level, we 
have been isolating and analysing the 
behavioural mutants of Drosophila 
melanogaster. 

spinster has been isolated as a 
mutant of low mating success by the P 
element insertional mutagenesis. Virgin 
females of spinster repeat repelling 
movements against courting males. This 
mutation is also accompanied by an 
aberrant sex ratio (6: 2 = 1:2). 

The spinster transcript was first 
identified as a 3.3 kb transcript by 
comparing the transcripts detected in wild 
type, spinster and revertant flies using 
the genomic DNA encompassing the insertion 
site as probes. Several cDNA clones 
corresponding to this mRNA were isolated 
from a head cDNA library. Sequence 
analyses show that the spinster gene 
encodes putative proteins having several 
transmembrane domains with the sequence 
differences in the middle and the C- 
terminal regions. 
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THE ECLOSION RHYTHM IN THE FIELD AND ITS 
SEASONAL CHANGE IN THE INTERTIDAL MIDGE 
CLUNIO TSUSHIMENSIS (CHIRONOMIDAE). 

T. Akiyama! and M Saigusa% ‘Ushimado Marine 
Laboratory, Okayama University, Okayama, 
2College of Liberal Arts and Sciences, 
Okayama University, Okayama. 

The intertidal midge Clunio tsushimensis 
exhibits periodic eclosion through a year 
in the field. Along the coast of the In- 
land Sea of Japan (Okayama prefecture), the 
timing was controlled by seasonally chang- 
ing tidal and semilunar rhythms. 

In late autumn, the midges emerged at 
the nighttime low tide, whereas the emer- 
gence occurred at the daytime low tide in 
spring and summer. In winter, the eclosion 
occurred twice a day at the morning and 
evening low tides. The seasonal change in 
eclosion time was mainly related to the an- 
nual fluctuation of the tidal amplitude, 
that is, the midges emerged at the lower 
low tide when the larval habitat exposed 
completely. 

The emergence number fluctuated with 
semilunar period. The medians of the emer- 
gence peaks shifted from the new and full 
moon with amplitude of about seven days. 
Direction of the shift was related to the 
annual fluctuation in the temperature of 
sea water. The emergence peak gradually 
advanced and delayed with rise and fall of 
the temperature respectively. 


PHASE SHIFT OF A TIDAL RHYTHM BY LIGHT-DARK 
CYCLES IN THE SEMI-TERRESTRIAL CRAB, SESARMA 
PICTUM. 

M. Saigusa. College of Liberal Arts & Sci. 
Okayama Univ., Okayama. 


The larval release activity of the semi- 
terrestrial crab Sesarma pictum was 
monitored for 3-week periods under labora- 


tory conditions of constant and cyclic light. 


Under conditions of constant dim light, the 
rhythm was first unimodal (larval release 
just after the nocturnal high tide) for the 
first ten days, and then became bimodal(no 
apparent synchrony with the tides with other 
members of the population) for the remainder 
of the experimental period. On the other 
hand, in photoperiods similar to those in 
the field, the release rhythm, which is 
bimodal and occurs at about the time of 

high tides, was maintained. When the photo- 
period was advanced or delayed, the tidal 
rhythm was phase-shifted accordingly. This 
clearly shows that the tidal rhythm of S. 
pictum is entrained by 24-h light-dark ~ 
cycles. However, the phase-shift of a tidal 
rhythm by light cycle is very difficult 
phenomenon to explain. 


LOCOMOTOR ACTIVITY RHYTHM OF THE JAPANESE 
GRASS LIZARD (Takydromus tachydromoides) 

M. Ohtani and T. Oishi, Dep. of Biology, Nara Women's 
Univ., Nara 630 


We investigated the significance of temperature cycle as well as 
light-dark (LD) cycle as a Zeitgeber for the locomotor activity 
rhythm in the Japanese grass lizard. 

Individual animals with 5-9 cm of body length (length from 
the mouth to the anus) were reared in a plastic cage placed in an 
environmental room. Ambient temperature was kept at 2741°C. 
Locomotor activity was recorded by an infra-red photo-transistor 
system. 

1) Under LD 12:12 (L:100-200 lux), the lizards were active 
during light. When LD cycle was reversed, the locomotor 
activity was also reversed in two days. Free-running period 
obtained under continuous darkness DD, dim LL (10-20 lux) and 
continuous light LL (100-200 lux) was 25.4+0.9 hr, 24.342.9 
hr and 21.1+3.7 hr, respectively. Thus, the free-running period 
was decreased as the light intensity was increased. Since the 
Japanese grass lizard is a diurnal animal, the change of free- 
running pgriod in response to light intensity obeyed the 
Aschoff's rule. 

2) Under temperature cycle (30°C : 12 hr; 25°C: 12 hr) with 
dim LL (10 lux), the lizards were active under high temperature 
(30°C) and almost completely inactive under low temperature 
(25°C). When temperature cycle was reversed, locomotor 
activity was also reversed in two days in the same manner as in 
the case of LD cycle. Distinct free-running rhythms were 
observed under constant low and high temperature. Thus, 
temperature cycle as well as LD cycle was shown to act as a 
strong Zeitgeber. 


FEEDING BEHAVIOR OF THE EYELESS MUTANT IN 
THE AXOLOTL, AMBYSTOMA MEXICANUM. 


H.-A.Takeuchil, S.Nakamura! and T.Nagai2 
lDept. of Biol., Fac. of Sci., Shizuoka 
Univ., Shizuoka and 2Dept. of Physiol., 
Teikyo Univ. Sch. of Med., Tokyo. 


The eyeless strain of the axolotl is a 
blind mutant that cannot produce eyes due 
to homozygous condition for a eyeless gene 
e. In present study, we quantitatively 
analyzed the feeding behavior of eyeless 
and wild strains elicited by tubifex worms 
(TW), a dog food pellet dropped into the 
water (FP) and a vibrating sphere (fre- 
quency: 2-35Hz; amplitude: 4mm) presented 
at the water surface (VS). We also stud- 
ied the effects of blocking the lateral 
line system on the feeding behavior by 
using the exposure to cobalt solution or 
the transection of the anterior lateral 
line nerve. 

The eyeless strain showed the feeding 
responses to the 3 kinds of stimuli almost 
normally, although the latency of snapping 
at TW was longer and the number of feeding 
responses to VS with high frequency (35Hz) 
was larger in eyeless strain than those in 
wild strain. When the lateral line system 
was blocked, the latency of snapping at TW 
tended to be prolonged and the numbers of 
feeding responses to FP and VS were sig- 
nificantly reduced in eyeless and wild 
strains. The present results suggest that 
the lateral line system plays important 
roles in the release of feeding behavior 
in eyeless as well as wild axolotls. 
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REPRODUCTIVE BEHAVIOR OF THE SALAMANDER 
HYNOBIUS NIGRESCENS: MONOPOLY OF EGG SACS 
DURING THE FORMATION OF MATING BALL. 
Masato Hasumi and Hisaaki Iwasawa. 
Bae. Inst.; Niigata Univ., Niigata. 
When a female clings to part of a twig, 
rubs her cloacal opening on it, and at- 
taches the adhesive tips of the egg sacs 
to it, a male brings his snout close to 
her cloacal opening, mounts on her back, 
and folds his forelimbs around her pelvic 
region. Immediately after the egg sacs 
begin to protrude from her cloaca, he 
shifts his forelimbs to them and attempts 
to pull out the rest of them by means of 
pushing her away with his hindlimbs. At 
this time, one or two neighboring males 
rush and form a mating ball about the 
male-female-egg sacs complex, and then 
some other males assemble and participate 
in the ball, scrambling to fertilize the 
eggs. The duration of mating ball was 633 
+ 58 sec. (mean + SE, N = 7), ranging from 
366-793 sec. Those seven males that 
responded first to the beginning of 
oviposition monopolized the egg sacs ex- 
cept for one case in which either egg sac 
was taken. Six of them happened to be 
clinging to nearby part of the twig to 
which the female clung for oviposition. 
Males with the smaller body or less 
developed secondary sexual characteristics 
were allowed to monopolize the egg sacs 
easily, suggesting that surrounding males 
also have a chance to fertilize the eggs. 


EFFECTS OF DEAFENING ON SONG DEVELOPMENT IN 
BUDGERIGARS. 
H.Fujiwara, I.Watanabe and H.Okumura. Dept. 
Biol.. Japan Women's Univ, Tokyo. 
Budgerigars (Melopsittacus undulatus) 
mimic human words and so on. The mimicries 
are enmeshed into their warble, the song of 
them. In our laboratory, a male budgerigar 
vocalized Japanese-enmeshed warble to a 
female one which was reared in isolation 
from Japanese. Even under such a condition, 
this warble seemed to function. From above 
observation it is suggested that the 
spectral pattern of each element is not 
essential for warble to function. Fujiwara 
et. al. (1990) clarified that warble has 
its own temporal pattern and proposed the 
hypothesis that the temporal pattern of 
warble is essential for its function. 

In this study we bilaterally deafened 5 
budgerigars by extirpation of the cochlea 
early in life, at 21 to 28 days. The birds 
began to vocalize warble at about 3 months 
of age. All birds were between 3 and 
17 months of age at the time of recording. 
We analyzed the warble quantitatively using 
3 temporal parameters. we measured 
amplitude, duration and intervals of each 
element of warble for a certain period. As 
a result every deafened bird had the same 
temporal pattern of warble as intact ones 
have. On the other hand, abnormalities were 
found in the morphology of elements.This 
result suggests that the temporal pattern 
of warble is innate and supports the above 
hypothesis that the temporal pattern is 
essential for warble. 


COMPARATIVE ANALYSIS OF FACTORS AFFECTING 
URINATION PATTERNS IN TWO JAPANESE APODE- 
MUS SPECIES. 

M.Daumae and S.Koyama. Dept. of Biol., 
Coll. of Arts and Sci., Univ. of Tokyo, 


Tokyo. 
Small Japanese field mice (A. argenteus) 


and Japanese field mice (A. speciosus) are 
sympatric species in Japanese forest. In 
A. argenteus, both male and female urinate 
frequently and male deposited larger 
number of small size urine spots than 
female do. But in A. speciosus, both sex 
urinated on a few spots as pools in large 
quantity. In A. argenteus male, the fre- 
quency and amount of their urination 
increased in the presence of other indi- 
vidual” regaradless;-of the sex. En )A. 
speciosus, only the presence of female 
affected males' urination pattern. In both 
species, male distinguished the female 
urine from male. But their responses were 
different. A. argenteus male stayed longer 
around female urine. A. speciosus male 
deposited more amount of urine around 
female urine. 

From our experiments, it was suggested 
that scattered urine spots of A. argenteus 
have a meaning as territorial marks to 
inform their existence to both sex. A. 
speciosus male do not scatter their urine, 
but they can inform their existence to 
female by sharing urination place with 
female. A. argenteus and A. speciosus may 
use their urine for chemical communication 
in different manner. 


EFFECTS OF EARLY ENVIRONMENT ON EXPRORATO- 
RY BEHAVIOR IN MICE 

M. Tanabe and T. Kimura. Dept. of Biol., 
Gold. or Arts and Sel., Univ. of Tokyo, 


Tokyo. 
Reoseaiae to many psychological stud- 


ies, mice brought up in ‘enriched condi- 
tion'(EC) which includes various objects 
and other conspecifics in a large cage 
show more enhanced development of CNS as 
well as behaviors than those brought up in 
‘impoverished condition'(IC) which is just 
a small cage without any object and no 
cohabitant. 

In order to clarify which of many 
factors is the main cause of observed 
effects,we designed simplified EC and IC, 
both in the same size, and put 1 or 2 male 
mice into each cage just after weaning. 
Various tests were performed starting 30 
days later. 

It was found that EC mice kept with a 
cohabitant started exploration in novel 
environment (Runway method) earlier than 
IC mice. Among others, in three-dimension- 
al exploration, EC mice got to the peak of 
activity earlier than IC mice. However, EC 
did not have much effect on mice that were 
raised without cohabitant. Since the total 
locomotive activity was not different 
among treatments, these difference cannot 
be attributed to the difference of physi 
cal development. 

Though there has been some reports 
suggesting the positive correlation be 
tween aggressiveness and active explora 
tion, EC in our study did not promote 
aggressiveness. 
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VOLATILE COMPOUNDS OF PREPUTIAL FLUID 

K. Ninomiya, I. Nohara and T. Kimura. 
Dept. of Biol, Coll. of Arts andeScir, 
Univ. of Tokyo & Centr. Res. Lab., Takasa- 
go Internat. Corp., Tokyo. 

We have already reported that both 
preputial factor and andorogen-dependent 
urinary factor of male are involved in 
female attraction and that preputial 
factor only become effective after incuba- 
tion. In order to confirm that volatile 
components of preputial fluid change 
during incubation, volatile compounds of 
both fresh preputial fluid(FPF) and aged 
preputial fluid(APF) are analysed by 
capillary GC and identified by GCGC-MS. 

It was found that volatile compounds of 
APF are different from those of FPF. 
Forty-three compounds (decane, myrcene, 
octanal, etc.) were found in only APF 
although 39 compounds (hexanal, linalool, 
(E,E)-alpha-farnesene and (E)-beta-farne- 
sene, etc.) were found in both APF and 
FPF. As to the other compounds in FPF, 19 
(methanol, propanol and valeric acid, 
etc.) were not detected after incubation. 

We also confirmed that some of prepu- 
tial compounds are present in normal 
excreted urine. Those compounds such as 
decane, propionic acid were unique to APF. 

These results support the hypothesis 
that oxidation or similar chemical changes 
caused by exposure or mediated by commen- 
sal microbes after excretion is necessary 
for the odor of preputial factor to become 
effective. 


AGGRESSIVE BEHAVIOR, DISPERSAL AND HUD- 
DLING OF MALE LABORATORY MICE. 
Seeeayashtes sDepiEn STO mestaCmEcucrr, 
Kagoshima Univ., Kagoshima. 


To investigate social behavior of 
grouped male mice, boxes which were sepa- 
rated into three compartments (center and 
both sides) were used. Two males from a 
cage were put into a compartment of one 
side and other two males into the other 
for 3 days. On the 4th day doors between 
compartments were opened. Two hours after 
opening social behavior was observed for 
30 min. 

A dominant male appeared in 13 boxes 
out of 15 replicates. The dominant male 
behaved aggressively towards the two 
strange males in the unfamiliar compart- 
ment. On the next day of opening, resting 
sites of four males were recorded. There 
were ten boxes where a male was solitary 
in the familiar compartment and the other 
three were resting close to each other in 
the opposite side of the solitary male 
(Territorial).  All-= the = solitary —malies 
were dominant males. In the other five 
boxes, four males were huddling (Non- 
territorial). Less mutual attacks and 
more one-sided attacks were observed in 
Territorial boxes than in Non-territorial 
boxes. Total number of aggressive behav- 
ior in Territorial boxes was larger than 
that in Non-territorial boxes. 

Castrated males didn't show any aggres- 
Sive behavior and they were huddling. 
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MOLECULAR PHYLOGENIES OF JAPANESE SMALL 
MAMMALS PASED ON rDNA RFLP. 9 
Besaznki- .. GS .sakurai.., K.Tsuchiya 6 
.Wakana>, K.Moriwaki’. M.Sakaizumi-, 
Inst. Med. Sci., The Jikei Univ. School 
gf Med., Tokyo, “Miyazaki Med, College, 
Central Inst. Exp. Anipals, ‘Natl. 
Inst. Genet., Mishima. >The Tokyo 
Metoropol. Inst. Med. Sci. 


To understand the origins of Japanese 
Mammalian species belonging to Apodemus, 
Clethrionomys and Mogera, we compared 
the restriction-site maps of rDNA among 
the species from Japan and Asian 
Continent. Estimation of interspecific 
sequence divergence within each genus 
revealed that the time of divergence can 
be divided into three distinct periods. 
The oldest divergence occurred at 
approximately 5 MYBP as represented by 
that between Apodemus species. The 
second was estimated at 1-2 MYBP as 
Shown between C. rex and C. rufocanus, 
and between M. wogura and M. kobeae. 
The third was at less than 0.02 MYBP 
demonstrated by A. peninsulae, C. 
rufocanus and M. kobeae, which showed 
little sequence divergence between 
Japanese and Continental specimens. 
These results may suggest three waves of 
invasion from the Continent to Japan 
with respect to the three mammalian 
genera examined in the present study. 


Speciation in Japanese brown frog, Rana 
japonica. 


M.Sumida and M.Nishioka. Lab. for Amphibian 
Biol. ,Fac.of Sci. ,Hiroshima Univ. ,Hiroshima 
In a previous paper, Sumida(1981) has 
reported that the Hiroshima population of 
Rana japonica is separated from the Ichino- 
seki of the same species by sterility of 
male hybrids. In the present study, we col- 
lected 24 populations of R. japonica from 
Honshu and Kushu and examined their genetic 
differentiation of isozymes, chromosomal 
differentiation and reproductively isolat- 
ing mechanisms to clarify the whole aspects 
of speciation in this species. It was found 
that the Pep-A and Hb-II of the 25 loci an- 
alyzed were 0.717 and 0.764 in Fst, respec- 
tively, and showed the distinct differenti- 
ation between the eastern and western popu- 
lations. When a phylogenetic tree is drawn 
from Nei's genetic distances by the UPGMA 
method, R. japonica is found to be divided 
into the eastern and western groups. The 
Nei's genetic distances between them were 
0.099-0.239, 0.155 on the average. When the 
chromosomes were compared within 16 popula- 
tions, distinct differences were found in 
the centromere position of Chromosomes Nos. 
6 and 9 between the eastern and western pop- 
ulations. Crossing experiments showed that 
in reciprocal hybrids between the eastern 
and western populations, males were remark- 
ably numerous, and these male hybrids were 
more or less abnormal in the inner struc- 
tures of testes. Thus, the eastern group 
of R. japonica seems to have differentiated 


from the western to a considerable degree. 


INFERRING PHYLOGENETIC RELATIONSHIPS OF THE 
JAPANESE NEWT, CYNOPS PYRRHOGASTER FROM 
ALLOZYMIC DATA. 

M. Matsui! and T. Hayashi2, 1Grad. Sch. of Hum. and 
Environ. Stud., Kyoto Univ., Kyoto and 2Tochigi Pref. 
Mus., Utsunomiya. 


Using six samples (Tohoku, Kanto, Intermediate, Sa- 
sayama, Hiroshima, Minami-kyushu) of Cynops pyrrhogaster 
and C. ensicauda from Okinawa, allozyme variation was ana- 
lyzed by the methods of 1) UPGMA cluster using Nei's 
(1978) distance, 2) Distance Wagner analysis using modified 
Rogers’ distance (Wright, 1978) and rooted at the midpoint of 
the longest path, 3) using the same but rooted by the outgroup, 
4) Distance Wagner analysis using Cavalli-Sforza and Ed- 
wards' (1967) chord distance and rooted by the outgroup, 5) 
Character analysis using Mickevich and Mitter's (1981) in- 
dependent allele model, and 6) Character analysis using Buth's 
(1984) qualitative coding. Topology of the trees obtained by 1) 
and 4) were identical; C. ensicauda was first clustered from C. 
pyrrhogaster, and Minami-kyusyu was split from the others. 
Each of Kanto and Tohoku, and the remaining three formed a 
group. The trees in 2) and 3) were identical and differed from 
1) and 4) only in the branching order of Hiroshima, 
Intermediate, and Sasayama cluster. In 5), only one tree was 
obtained in which Minami-kyushu and Hiroshima formed a 
cluster, and the remaining showed a trichotomy. The result of 
6) was quite different from the others. Five different trees 
were obtained, and the strict consensus of these resulted in the 
dichotomy of C. pyrrhogaster; one branch constituted by 
Kanto and Intermediate, and the other by the remaining four 
samples that were polytomous. Trees obtained by 1), 4), and 
5) are more concordant to geographic distribution of samples 
than are the others. Ambiguous result in 6) seems to be 
attributed to the small number of characters available. 


GENETIC STRUCTURE IN THE JAPANESE NEWT, 
CYNOPS PYRRHOGASTER. 

T. Hayashil and M. Matsui2. lTochigi Pref. 
Mus., Utsunomiya and 2Grad. Sch. of Hum. 
and Environ. Stud., Kyoto Univ., Kyoto. 


Using horizontal starch gel 
electrophoresis, we examined allozyme 
variation of 16 presumptive loci in C. 
Ppyrrhogaster from 129 localities covering 
its whole range. Allozyme data show that 
there are four major genetic groups in 
this newt. Of these, two groups occurring 
in eastern Japan are distributed mainly in 
the Tohoku and Kanto obi oh hee's Mente 
respectively. The third group is widely 
distributed in the western Japan including 
western Chugoku, Shikoku, and a large part 
of Kyushu. The fourth group has a 
restricted range in the southeastern part 
of Kyushu. A central part of Japan, 
including the Chubu, Kinki, and eastern 
Chugoku districts, is occupied by 
populations that have genetically 
intermediate features among western and 
two eastern Japan groups. In this large 
region, allozyme variation shows a complex 
geographic pattern rather than a simple 
longitudinal cline. On the other hand 
abrupt allozyme frequency shifts are 
oberved in narrow boundary areas between 
the Tohoku and Kanto groups, and betw 
the western Japan and southern Kyushu 
groups. 
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ANALYSIS OF THE PHYLOGENETIC RELATIONSHIPS 
IN THE FAMILY HYNOBIIDAE BY MEANS OF 
CHROMOSOME BANDING AND DNA HYBRIDIZATION. 
My Kuro—o.,. Gee bkebes ers. | Malsiudiamy Sie 
Namba and. S. Kohnow. DKSoeG Cue Iialo Ils, 
Pac. Of Scie ana Dept. (Ol BLOW so Chicmor 
Pharm. SCi., Toho Univ., Chaba. 


The analysis of R-banding patterns on 
chromosomes was made in the salamanders 
belonging to Hynobius and Salamandrella. 
The replication patterns among Hynobius 
with 56 and 58 chromosomes showed about 
90% homoeology. Including H. retardatus 
with 40 chromosomes, the homoeology 
decreased to about 65%. Between species 
of Hynobius, including H. retardatus, and 
S. keyserlingii, the homoeology fell to 
about 10% of the genome of Hynobius. 

Variations in repetitive DNA were 
examined in Hynobius and Onychodactylus by 
Southern blot hybridization. The patterns 
of the hybridization were subjected to 
Manhattan distance analysis, and a Wagner 
tree was drawn. The results suggest that 
the genus Hynobius can be divided into 
three groups: Group 1, which contains H. 
retardatus with 40 chromosomes; Group 2, 
Wich conmtawn sc: "Hy mio suIS: weat ee o.S 
chromosomes; and Group 3, which contains 
other species with 56 chromosomes. 

From these analyses of chromosome 
banding and DNA hybridization, it appears 
that the genus Onychodactylus is located 
at a great distance phylogenetically from 
Hynobius and from Salamandrella. 


STRUCTURES OF ASCIDIAN TUNIC CUTICLE: SOME 
IMPLICATIONS FOR PHYLOGENY. 

Eu. Hirosel , T. Nishikawa2, Y. Saito8& H. 
Watanabe*. 1lKeio Univ., Yokohama, 2Nagoya 
Univ., Nagoya, 3Shimoda Mar. Res. Ctr., 
Univ. of Tsukuba, Shimoda, and #Tokyo 
Kasei Gakuin Tsukuba College, Tsukuba. 


Fine structure of the ascidian tunic 
cuticle was studied by transmission and 
scanning electron microscopy in 26 species 
belonging to 10 families. In 11 species 
of 8 families, the cuticular surface is 
ornamented with numerous minute 
protrusions which are usually papillate in 
shape and up to 100 nm in height. A 
summation of the present results and the 
previous ones (Hirose et al., 1990) gave 
us information about the existence, size 
and shape of the cuticular protrusions in 
51 species ranging over 13 families out of 
the 15 known ones of ascidians. It 
reaveals a general tendency that the 
protrusions occur in the limited families 
and related species have the protrusions 
of similar size. Thus, the protrusions 
are in some cases of certain phylogenetic 
significance. Brief references are made 
to the taxonomic position of such 
problematic genera as Pterygscidia of 
Cionidae and Sorbera of Hexacrobylidae on 
the basis of the present study. 


Restriction fragment length polymorphysm 
"MAP" of rRNA gene in Ciona. 

M.Matsumoto, , T.Yonemura,, T.Shimada, , K.Ma- 
kabe» and M.Hoshi, .4 Tokyo Inst.of Technol., 
Kanagawa, Wakayama medical collage, Wakaya- 
ma. 


Genetical variability in rRNA gene 
(rDNA) repeated units was studied in Ciona 
savignyi and C. intestinalis. For the probe 
isolation, rDNA of Ciona was isolated from 
Ciona genomic library by using mouse rDNA 
probe. Animals of C. savignyi were collected 
in Asamushi, Yamada, Kesennnuma, Tateyama 
and Toyama. Animals of C. intestinalis were 
collected in Maizuru, Nagoya, Hiroshima and 
Kouti. Nuclear DNAs from the individuals 
were extracted and digested with BamHI and 
HindIII. Restriction frgment length polymor- 
physm (RFLP) was examined with Southern blot 
hybridization by using a spacer reagion of 
Ciona rDNA as a probe. RFLPs detected by 
rDNA spacer region were classfied into 10 
groups on C. savignyi and 9 groups on C. 
intestinalis with BamHI digestion, and into 
12 groups on C. savignyi and into 10 groups 
on C. intestinalis with Hind III digestion. 

It was found that the some of them had 
an area specificity. 


PHYLOGENETIC RELATIONSHIP OF ASCIDIANS AS 
DEDUCED FROM 18S rDNA SEQUENCES. 

H.Wada, K.W.Kakabe and N.Satoh, Dept. of 

Zool., Bac. of Scil., Kyoto” Univer yoo 


DNA was isolated from the ascidians, 
Ciona savignyi, Ascidia sydneiensis samea 
(the order Enterogona), Halocynthia roretzi, 
Pyura mirabilis, Styela clava, Polyandro- 


carpa misakiensis, and Symplegma reptans 
(the order Pleurogona), and about 1.i-kb, 


central part of 18S rDNA was amplyfied by 
PCR method. The amplyfied DNA was inserted 
into pBluescript II, and the nucleotide se- 
quences were determined. Based on these 
sequences, a phylogenetic tree of the seven 
ascidians has been constructed. 

The tree suggests that the two Entrogona 
ascidians diverged during early stages of 
the evolution from the five ascidians of 
Pleurogona. Among the five Pleurogona 
ascidians, H. roretzi and P. mirabilis 
occupy a position different from that of 
P. misakiensis and S. reptans, which share 
a common characteristic. The plyogenetic 
position of S. clava was not fully deter- 
mined between the two groups. 
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COMPARATIVE LARVAL SKELETAL DEVELOPMENT OF 
DIADEMA SETOSUM, STOMOPNEUSTES VARIOLARIS, 
AND ECHINOMETRA MATHAEL. 

T. Uehara and C.M. Nawata, Department of 
Biology, University of the Ryukyus, 
Nishihara, Okinawa, Japan 


Close examination of the larval skele- 
tons of D. setosum, S$. variolaris, and 
E. matheaei revealed some interesting find- 
ings that have implications for the study 
of echinoid phylogeny. Although these 
three species belong to different orders, 
they all assume the typical four-arn, 
basket shape morphology at the early larval 
Stage. Later in development however, each 
species begins to take on strikingly dif- 
ferent morphologies. 2. setosum has three 
pairs of skeletal rods, but only two arms 
are apparent. S. variolaris has six pairs 
of skeletal rods with twelve corresponding 
arms and E. mathaei has four pairs of rods 
and eight arms that arise from them. Arm 
number and skeletal rod morphology (fene- 
strated vs. simple) are compared and con- 
trasted with various other species whose 
larval skeletal morphologies are known. 


GEOGRAPHICAL VARIATION OF THE GAMETE IN- 
COMPATIBILITY BETWEEN POPULATIONS OF INDO- 
PACIFIC ECHINOMETRA SPECIES FOUND IN OKI- 
NAWA, GUAM AND HAWAII 

T. Uehara, Dept. of Biol., University of 
the Ryukyus, Nishihara, Okinawa, Japan 

Recent studies of Indo-Pacific Echino-— 
metra species have shown that at least four 
species are represented in what used to be 
called E. mathaei. The four species are 
classified tentatively as A, B, C and D. 
Four species (A,B,C and D) occur in oki- 
mawa; 2 species (A and B) occur in Guam; 
and 2 species (B and D) occur in Hawaii. 

Sperm and eggs of each species from 3 
localities were crossed in a number of com- 
binations. Homogametic fertilization bet- 
ween populations from the 3 localities 
showed 100 percent successful except that 
fertilization between Hawaii D (male) and 
Okinawa D (female) did not occur. From the 
extenal sperm morphology, the sperm of Oki- 
nawa D were more slender than those of 
Hawaii D. hawaii D were relatively similar 
to the sperm of Okinawa C. These data show 
that Okinawan and Hawaiian populations of 
species D, though closely related with one 
another in many characters, seem to have 
speciated just recently at the fertiliza- 
tion level. 

Degree of incompatibility between the 
allopatric Guam B with green spines and 
Okinawan D is higher than that of the 
sympatric Okinawan B with green spines and 
Okinawan D. The results show that the geo- 
grphicaly separated populations of species 
Bare just undergoing speciation. 


DEVELOPMENT OF THE SAND DOLLAR, PERONELLA 
RUBRA DODERLEIN. 

M. Komatsu, S. Yamamoto, C.Oguro and ke 
Kobayashi’. Dept. of Biol., Fac. of 
sci., Univ. of Toyama, Toyama and 
*Maruoka Senior High School, Hukui. 


It is known that the development of 
Peronella japonica that belongs to the 
genus, Peronella containing P. rubra is 
particular mode in _ echinoids. In the 
present study the development through 
metamorphosis was observed in P. rubra. 
The result shows that mature eggs are 
relatively large (320u%m in diameter). 
Embryos pass through the wrinkled 
blastula stage and 2-armed full-grown 
pluteus. Pluteus larvae lack larval 
mouth and finish their metamorphosis 
after 4 days from insemination. These 
developmental features of the present 
species closely resemble those of PP. 
Japonica. Thus, the developmental mode 
of these 2 species is particular in 
echinoids ontogeny. It is suggested 
that 2-armed pluteus may be found in 
other species belonging to the genus, 
Peronella and related. species. These 
facts should be analyzed in future in 
relation to the phylogeny of echinoids 
or echinoid development. 


DEVELOPMENT OF THE SEA STAR, LUILDILA FOLLOLATA 
Grube. 

A.Komatsu, C.Oguro, K-S.Chia! and M.Sewell!. 
Dept. of Biol., whe of Sci., Toyama Univ., 
Toyama, Japan and +Dept. of Zool., Univ. of 
Alberta, Edmonton, Canada. 

The entire process of development through 
metamorphosis from eggs to juveniles was observ- 
ed in L. foliolata. Adults were collected from 
Barkley Sound, British Columbia, Canada in March 
and April, 1990. Spawning was induced by intra- 
coelomic injection of l-methyladenine. Larvae 
were kept in the tank with paddle-stirring and 
were fed cultured algae in the Hamfield Marine 
Station, Vancouver |s. Ova are transparent, 

154 pm in average diameter. The first cleavage 
occurs ca. 3 hr after insemination at about 10°C. 
Cleavage is total and radial. Embryo develops 
into a bipinnaria through the wrinkled blastula 
stage. it reaches a length of 1.9 mm and a 

width of 1.2 am 50 days after insemination. Meta- 
morphosis takes place ca. 4 months after insemi- 
nation without passing through brachiolaria stage. 
Kipinnariae are 2.5 mm long and have 5 pairs of 
bipinnaria aras. This is a full grown size of 
the larva. At metamorphosis, the larval part is 
absorbed into the asteroid rudiment. Juveniles 
are about 730 ym in diameter. They have 5 arms 
and each arm bears 2 pairs of tube-feet. 

These observations show that the present spe- 
cies undergoes the nonbrachiolarian type of devel- 
opment like all species of Luidia previous!y re- 
ported. The present result supports the previous 
view proposed by Komatsu et al. (1991) that the bi- 
pinnaria of Luidia is neither large nor complex. 
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PHYLOGENETIC RELATIONSHIPS OF ECHINODERMS DEDUCED FROM 
KINETIC SIMILARITY OF GLUCOSE-6-PHOSPHATE DEHYDROGENASE 
N. Matsuoka. 

Dept. of Biol., Fac. of Sci., Hirosaki Univ., Hirosaki. 


The phylogenetic relationships among four classes of the 
phylum Echinodermata(Astero idea, Echinoidea, Holothuroidea 
and Ophiuroidea) have been much disputed among many 
zoologists. As a first step to elucidate the 
phylogenetic relationships at the molecular level, the 
author purified glucose-6-phosphate dehydrogenases 
(G6PDs), which are the first step enzyme of the pentose 
phosphate shunt,from gonads of four echinodermal classes 
and compared the enzymatic (kinetic) properties with 
each other. The kinetic parameters examined in this 
study were Km values for three substrates (G6P, Gal6P 
and dG6P) and one coenzyme (NADP) and the effects of pH 
and three chemical substances (PCMB, DEA and MgCl2) on 
G6PD activity. The phylogenetic relationships of four 
echinoderms were estimated from the kinetic similarities 
between their G6PDs and the molecular dendrogram was 
constructed by using the UPGMA clustering method. 
The molecular results demonstrated the followings: 
(1) Asteroids and holothuri 1s are the most closely 
related to each other. (2) Ophiuroids are more closely 
ralted to the cluster consisted of asteroids and 
holothurians than echinoids. (3) Echinoids are the 
most distant group of four echinoderms. The molecular 
dendrogram also sugggested that echinoids are more 
primitive group than other three echinoderms, and that 
asteroids and holothurians are more recent groups. 
The evolutionary process of echinoderms was speculated 
from the molecular phylogenetic tree and non-molecular 
evidence. 


AMINO ACID SEQUENCE OF DOMAIN 1 OF A HEMO- 
CYANIN SUBUNIT, HR6, FROM A HORSESHOE CRAB, 
CARCINOSCORPIUS ROTUNDICAUDA. 

H. Sugita! and F. Shishikura”. Mnst. of Biol. Sci., Univ. of 
Tsukuba, Ibaraki and *Dept. of Biol., Nihon Univ. Sch. of 
Med., Tokyo. 


Arthropod hemocyanins are built from individual 


subunits of about 75,000 daltons. These subunits consist 
of 3 domains and domain 1 containing N-terminal 
sequence was the most variable of these 3 domains. 

HR6, an immunologically identical subunit of C. 
rotundicauda hemocyanin to subunit HT4 of Tachypleus 
tridentatus hemocyanin, has been partially sequenced and 
its domain 1 was compared with that of HT4. Domain 1 of 
HR6 appeared to consist of 150 amino acid residues in 
comparison with complete sequence of domain 1 
composed of 149 residues of HT4. Amino acid residues of 
142 positions in domain 1 of HR6 were determined in 
which only 2 residues (1.4%) were substituted between 
HR6 and HT4. Residues of 75 positions (51%) in domain 
1 of HR6 were different from Limulus polyphemus 
hemocyanin subunit II (LPIJ). This difference (51%) was 
similar to differences (46-61%) obtained from the 
comparison among HT4, LPII, and 3 hemocyanin subunits 
from a spider. Thus, we can estimate more accurately the 
divergence pattern and time by comparing amino acid 
sequences of the immunologically related subunits among 
horseshoe crabs. 


OVARIAN STRUCTURE AND OOGENESIS IN SOME 
BRANCHIOPOD CRUSTACEANS 

H. Ando and T. Makioka. Inst. of Biol. Sci., Univ. of 
Tsukuba, Ibaraki. 


Two types of the ovarian structure and oogenetic 
modes were distinguished in the Branchiopoda. In 
Triops longicaudatus, T. granarius (Notostraca) and 
Leptestheria kawachiensis (Conchostraca), the tubular 
ovary had many branches, at each terminal of which 
the germarium produced egg-follicles. Each egg-follicle 
containing an oocyte and three nurse cells migrated 
outward and protruded into the haemocoel, where the 
oocyte grew and became mature. Mature eggs were 
ovulated into the ovarian lumen. In Branchinella 
kugenumaensis (Anostraca) and some species of the 
Cladocera, however, the tubular ovary was not branched. 
Four-celled units, each of which consisted of an oocyte 
and three nurse cells, were produced in the germarium 
running longitudinally in the ovarian wall. The four- 
celled units migrated not toward the haemocoel, but toward 
the ovarian lumen, where the oocytes grew and then 
became mature. 

These two types of the ovarian structure and oogenetic 
modes suggest close relationships between the Notostraca 
and the Conchostraca, and between the Anostraca 
and the Cladocera, respectively, but do not support the 
relationship between the Conchostraca and the Cladocera 
which is mostly believed at present. 


TOWARDS A DIAGNOSIS OF THE FACETOTECTA 
(CRUSTACEA: MAXILLOPODA: THECOSTRACA). 
M.J.Crygier. Seto Mars Biol) Labes Race. of 
Sci., Kyoto Univ., Shirahama, Wakayama. 

The diagnosis of Hansenocaris It6d serves 
for cypris y, but none has been proposed 
for nauplius y. To avoid assigning unrela- 
ted nauplii to the Facetotecta and to jus- 
tify that group's independent taxonomic 
status, such a diagnosis is needed. Pub- 
lished descriptions, an SEM study of Okina- 
wan nauplius y, and some of T.It6"s naup- 
liar molt series were surveyed for possible 
diagnostic characters, and a plate-based 
nomenclature for dorsal setae and pores was 
devised. Distinctive features of y-nauplii 
include: 1) cephalic shield continuous with 
free trunk dorsum; 2) no frontolateral 
horns; 3) common plan of cephalic shield 
ridges; 4) common positions of window and 
certain dorsal setae and pores; 5) ventral 
side of cephalic region flat, round with 
wide rim; 6) no frontal filaments; 7) A, 2- 
3-segmented with £8 setae on distal one; 8) 
A, and Md unchanged through 5 instars, with 
reduced, narrowly definable segmentation 
and setation; 9) no paragnaths or ventral 
setation; 10) Mx, as pair of setae or ab- 
sent; 11) no furcal setae, but pair of fur- 
cal spines and medial spine. Most of these 
may be apomorphous (not 2 and 6) and the 
paedomorphic limbs are perhaps convergently 
Similar to those of early thoracican naup- 
lii and of lecithotrophic and brooded naup- 
lii elsewhere in the Thecostraca. 
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TWO ALPHEID SHRIMPS (CRUSTACEA, DECAPODA) IN MANGAL 
FLATS OF SINGAPORE AND DARWIN, NI, AUSTRALIA 

Y. Miya. Fac. of Liberal Arts, Nagasaki University, 
Nagasaki, 


In the animal community in Mangrove swamp envi- 
ronment some Alpheid shrimps, such as Alpheus 
euphrosyne euphrosyne De Man, 1897 and Alpheus 
malabaricus (Fabricius, 1775), are known as perma- 
nent residents living in burrows. During the recent 
studies of Alpheid shrimp fauna in mangal flats of 
Singapore and Darwin, NI, Australia, the following 
two species are newly recorded. Their taxonomical 
and ecological aspects are described and discussed. 


Athanas polymorphus Kemp, 1915: Known only from 


Chilka Lake, India, type locality, and Gulf of Thai- 


land. Material: 11 specimens, total length of 5.8- 


9.5 mm, NIM Cr 008002, -3, -4, Darwin Harbour, S. of 


Channel I., Sonneratia alba-mangal flat. Morpholog- 
ical variations in lst chelipeds and colour pattern 
of the species are compared with those of Athanas 
japonicus Kubo, 1936, which is the closely related 
species and also taken from the same locality. 
Potamalpheops sp.: First record of the genus in 


the Indo-West Pacific region. Material: 27 specimens 


ZCNUS, 10.4-15.7 mm long, Singapore, Sungei Buloh, 
mangal flat, under bark; 2 specimens, NTM Cr 00692, 
14.8-17.4 mm long, NI, Adelaide River, mangal flat, 
under bark. The species is distinguished from all 
the known species (3 from West African fresh and 
brackish waters and 1 Mexican epigean form) by hav- 
ing rostrum reaching in proximal half of 2nd anten- 
nular segment; and stylocerite reaching in proximal 
3rd antennular segment. Definition of Potamalpheops 
Powell, 1979 will have to be revised for accepting 
this species. 


SYSTEMATIC STATUS OF XENOPHTHALMUS 
LATIFRONS BURGER, 1895 (CRUSTACEA: DECAPODA: 
PINNOTHERIDAE) FROM THE WEST PACIFIC. 

M. Takeda’ and K. Konishi? 'Natn. Sci. Mus., Tokyo and 
2Natn. Res. Inst. Aquacult., Mie. 


Two ovigerous females and a male of pea crab found in the 
mantle cavity of bivalve shell, Beguina semiorbiculata (L.), 
from the Palau Islands were identified to Xenophthalmus 
latifrons Birger, 1895, which has been known only by the 
original description based on the specimens from the 
Philippines. This species is characterized by the almost closed 
orbit leaving only a longitudinal slit at outside of ventral 
prolongation of the front. The eyestalk and cornea are entirely 
degenerated, and therefore, as pointed by Tesch (1918), the 
inclusion of this species in the genus Xenophthalmus and in 
the subfamily Xenophthalminae is certainly erroneous. The 
general morphology of the carapace, chelipeds and ambulatory 
legs, as well as the formation of the third maxilliped is similar 
to that of the genus Pinnotheres, but as noted above,the 
formation of the orbit is quite characteristic and also the male 
abdomen and first pleopod are distinctly different from those of 
Pinnotheres and the related genera. These differences justify the 
erection of a new genus belonging to the subfamily 
Pinnotherinae. 


TAXONOMIC STUDY ON THREE NEW SPECIES OF 
THE FAMILY MACROCHELIDAE (ACARI; MESO- 
STIGMATA) COLLECTED FROM BODY SURFACE OF 
COPROPHAGOUS SCARABAEID BEETLES IN 
HOKKAIDO. 

G. Takaku. Zool. Inst.,; Fac. of Sci., 
Hokkaido Univ. 


The following nine species of the 
family Macrochelidae, including three new 
species and four species newly discovered 
in Japan, were collected on coprophagous 
scarabaeid beetles in Hokkaido. 

Genus. Macrocheles Latreille, 1829 
M. insignitus Berlese,1918 
*M. glaber (Muller, 1860) 
*M. monchadskii Bregetova & 
Koroleva, 1960 
serratus Ishikawa, 1968 
Ni Spe = 
Me. n. Sp. 2 
*M. sp. near hallidayi Walter & 
Krantz, 1981 
*M. Sp. near moneronicus Bregetova 
& Koroleva, 1960 
Genus Holostaspella Berlese, 1903 
H. n. Sp. 
(*: first record from Japan) 


Of these, Macrocheles serratus 
Ishikawa and Holostaspella n. sp. seem to 
be host specific, being exclusively found 
on Geotrupes laevistriatus and Copris 
ochus, respectively. 


BIOCHEMICAL SYSTEMATICS OF THE FIREFLIES WHICH 
EMIT SIMILAR FLASHING PATTERNS. 

H. Suzuki', Y. Sato“, S. Fujiyama* and N. Ohba? 
‘Olympus Optical Co.Ltd. ,Hachioji, “Shinshu 
Univ. ,Matsumoto and “Yokosuka City Mus. , Yokosuka. 


Fireflies communicate with their light emission 
and that pattern is strictly species specific. 
The light emission patters of Hotaria(ethological 
two types of H. parvula and H. tsushimana) and 
that of some species in Luciola(L. yayeyamana and 
L. kuroiwae) are very similar as pulsating flash. 
We estimated the phylogenetic relationships among 
the members of two different genera by 
electrophoretic analysis for 22 loci of 14 
enzymes. The biochemical dendrogram for three 
species and two types constructed from Nei’s 
genetic distance(D) is shown as follow: (1) L. 
yayeyamana and L. kuroiwae are largely 
differentiated from the other species in Hotaria 
(D=1.1) and these two species consist one group 
(D=0.5). (2) The ethologically distinct two types 
of H. parvula are genetically a little 
differentiated as comparabie as subspecies or 
subpopulation level(D=0.1). (3) 4H. tsushimana 
endemic to Tsushima Island is closely related to 
the two types of H. parvula(D=0.2). 
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COLOUR VARIATION OR CRYPTIC SPECIES? 
ANINSTANCE OF APLYSIOPSISNIGRA (BABA, 
1949) (ASCOGLOSSA, POLYBRANCHIACEA). 


Y.J. Hirano. Kominato Lab., Mar. Ecosyst. Res. Cent., 
Fac. of Sci., Chiba Univ., Chiba 


Especially in the taxonomy of opisthobranchiate 
molluscs, it is often difficult to determine whether some 
colour differences found are simply included in the 
variations or attributable to some unknown cryptic 
species. 

During the course of ecological study of polybranchid 
ascoglossans at the rocky shore of Kominato, Boso 
Peninsula, two colour types, black and brown, were 
recognized for Aplysiopsis nigra. The brown type were 
exclusively found from Chaetomorpha crassa and the 
black ones from Cladophora wrightiana . Also in the 
choice experiment , the brown type chose and fed on 
Chaetomorpha crassa, while the black one chose and 
fed on Cladophora wrightiana . 

Re-examination of morphology was conducted for the 
two colour types. For the internal morphology, the 
reproductive systems were identical but significant 
difference was found in the radular morphology which is 
one of the major characters in molluscan taxonomy. A 
few small differences were also found in markings on 
the body. It is thus strongly suggested that the two types 
are different species and the brown one is likely to bea 
new species. It seems that there are many cryptic 
species yet to be described in Opisthobranchia and 
more careful survey is needed. 


MOLECULAR PHYLODENY OF SEVEN. STYLOMMATO- 
PHORAN LAND SNAIL SUPERFAMILIES BASED ON 
18S RIBOSOMAL RNA SEQUENCES. 


R. Ueshima, R. Segawa, T. Kobayashi, K. 
Numachi. Ocean Research Institute, Uni- 
versity of Tokyo, Tokyo. 


Phylogenetic relationships among 
stylommatophoran families has long been 
debated. Various classification systems 
based on morphological data have been pro- 
posed, but they have not reached a consen- 
sus (Tiller, 1989). We amplified partial 
18s rRNA gene segments from six stylom- 
matophoran snails and a slug belonging to 
the distinct superfamilies, exemplars of 
the order Orthurethra, Mesurethra, and 
Siomurethra, and a systellommatophoran 
slug. Approximately 1.0 kb nucleotides 
were directly sequenced and comparison re- 
vealed 40 variable positions. Kimura 
(1980)'s evolutionary distance was measur- 
ed and a phenogram was constructed by 
neibor-joining method (Saitou & Nei, 1987),. 
Phylogenetic relationships among these 
superfamilies based on the molecular data 
are compared with those based on morphol- 
ogy and evaluation of various classifica- 
tion systems is discussed. 


TERRESTRIAL TARDIGRADE FAUNA OF THE TOKYO 
UNIVERSITY FOREST IN CHIBA. 

Me eer Forest Biology Div., Forestry and 
Forest Products Res. Inst., Ibaraki. 


1 Terrestrial tardigrade fauna of the 
Tokyo University Forest in Chiba was inve- 
stigated. Soil and moss samples were taken 
from 7 stations (including natural forests 
and full matured artificial forests) in 


Jan. 1991. Tardigrades were extracted from 
the samples by Baermann funnels, 

Dre Twenty four species of tardigrades 
were recorded, Among them, Diphascon ()D.) 
nobilei (BINDA, 1989), D. (D.) patanei 


BINDA et PILATO, 1971, D. (D.) rugosum 
(BARTOS, 1935), Isohypsibius roncisval lei 
(BINDA et PILATO, 1989), Is. theresiae 
(IHAROS, 1964) and Itaquascon trinacrise 
ARCIDIACONO, 1962 were recorded for the 
first time from Japan. 

=i DD. (De) sp. 25 Hiyip’s i bhilivs ees permeate 
Itaguascon sp. are new to science. Hypsi- 
bius sp. 7 and sp. 13 are attributed to 
dujardini-convergens group (DASTYCH, 1988), 
and the latter apparently identical to "H 
dujardini” (sensu BERTOLANI, 1982) but not 
identical to "7H. dujardini” (sensu DASTYCH, 
1988 etc.). Further observation and revi- 
sion of the systematics of this group are 
hecessary to determine the taxonomic posi- 
tion of above two species, because there 
is much confusion about this group among 
workers. 


TARDIGRADES IN KING GEORGE ISLAND 
(ANTARCTICA) . . 

K. Utsugi! and Y. Ohyama. !Dept. of 
Biol. , Tokyo Women’s Med. College, 
Tokyo and?Natl. [nst. Pola caweocee 
Tokyo. 


In order to ‘survey, An GawveieEc 
fauna, Y. Ohyama who was a member 
of 28th antarctic expedition (1989 
1990) collected mosses and lichens 
from the areas around the Chinese 
Chojo station of King Georezes.. 
land. After sorting out the animals 
from these samples, we examined 
the tardigrades microscopically. 

11 species of tardigrades were 
found in 42 samples collected at 
ly Sticese 5 species including 
Hypsibius arcticus, Macrobiotus 
harmsworthi, Diphascon scoticum, 
Diphascon alpinum and Echiniscus 
kerguelensis were commonly found 
in many samples from this area. 
These species have also been 
found an Ophier” anitianrie tiscmaseasie 
Syowa station, Molodezhnaya and 
Mt. Riiser—-Larsen. 

However, the other 6 species in- 
cluding Amphibolus volubile, Hyps- 
ibius cataphractus, Ilsohypsibius 
asper, 1. papillifer, Hexapodibius 
sp. and Echiniscus sp. were rarely 
found in the samples from King 
George Island and have never been 
found in other antarctic areas. 
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SOIL AND FRESHWATER NEMATODES IN THE 
VICINITY,OF SYOWA STATION, ANTARCTICA 


K.. JKItO Y. Ohyama Y. Shishida~ and H. 
ukuda’. Sapporo Medical Coll. Sapporo, 
Nat. Inst. of Polar Res., Toky Gunma 


Agr. Res. Center, Maebashi and ae Sch. 


of Env. Sci., Hokkaido Univ., Sapporo. 
Panagrolaimus sp. aff. davidi Timm, 


1971 and Eudorylaimus § sp. were newly 
found in the vicinity of Syowa Station, in 
addition to the three known species, 
Plectus antarctica de Man, 1904, Pp. 


frigophilus Kirjanova, 1958 and Scottnema 
lindsayae Timm, 1971. Panagrolaimus sp. is 
very similar to P. davidi but differs 
slightly in number and location of caudal 
BonNene.. (0t. as treated.«.as PP? «sp. saff. 
davidi until more precise information is 
available to clarify their relationship. 
Eudorylaimus sp. seems new to science 
because it resembles E. pseudocarteri Loof, 
1975 but differs in body length, taedd 
shape and other features. The diversity of 
nematodes is very low in the Syowa Station 
area like the other investigated areas in 
the continental Antarctic zone. All the 
species found in this area are endemic to 
the Antarctic as are the species from 
Wilhelm II Land and Knox Coast. The 
nematode faunas in Alexander Island and the 
Ross Sea region contain endemic species and 
also cosmopolitan species found elsewhere 
in the maritime Antarctic zone. There seem 
to be two distinct regions in the _ conti- 
nental Antarctic zone: one which contains 
endemic species only and the other contains 
both endemic and non-endemic species. 


ROTIFERA FROM SOUTHWEST ISLANDS OF JAPAN 
rai .% 
M.Sudzuki,Biol.Lab.,Nihon Daigaku Univ. 
Omiya, Saitama 

After the previous 2 reports,some more 
new taxa have been added.Thus,ca.230 taxa 
in total have been found.Of these,23 are 
mainly n.ssp; Brachsonus 10 (species like 
durgae, keikoa, lyratus, nilsoni,novae-zelan- 
diae, pseudodorabratus, etc) , Testudinella=2- 
3,Keratella=2-3(ssp.of procurva & tropica, 
etc) ,Monostyla=2-3(ssp.of bulla,etc) and 
1 each of Liliferotrocha,Anuraeopsis,Leca- 
ne, Lepadella, Cephalodell Cephalodella,ca.90 new recor- 
da for Japan: Brachionus=10(incl.aculeatus, 
variabilis) ,Lecane=93,Testudinella=7,Mono- 
styla=6,Anuraeopsis=5-6, Trichocerca=5,Diu- 
rella=4,Colurella=4,Ptygura=4, Euchlanis=3 35 
Lepadella=3,Mytilina=2, Dicranophorus=2,. 2,He- 
xarthra=2 ,Squatinella=2,Monommata=2, Collo- 
theca=2 and 1 each of Kerateila,Platyias, 


Macrochaetus, Hemimonostyla,Tripleuchlanis, 


Epiphanes, Epiphanes,£osphora, Taphrocampha, Elosa, Syn- 
chaeta,Paradicranophorus, Floscularia, Limn- 


ias,Sinantherina,Cupelopagis, Horaella?,An An- 
chitestudinella?,etc.Worthy of close att-e 
mtion are 1) some endemic species to the 

Australian region were detected(e.g.B.lyr- 
atus},2) seasonal occurrences were clearly 
recognized(e.g.Synchaeta),3) season-cyclo- 
morphological changes were observed(e.g.K. 
v.tropica,K.procurva),4) Many n.sp & new 

record species were discovered from Main- 
land(37) , Ishigaki(33) ,Hateruma(19),Kohama 
(17),Yonaguni(16),Minami Daito(12),Sesoko 
(10) and Kuro(8) in contrast to Iriomte & 
Taketomi. * Nihon Daigaku Res.Grant for'9l 


PROSERIATE TURBELLARIANS COLLECTED FROM THE 
SOUTHWEST ISLANDS OF JAPAN, WITH A NOTE ON 
THE MORPHOLOGICAL VARIATION IN VANNUCCIA 
HIRUTAL. 

K-10 Tajuka. 7 Dept. sof, Biol. «Nihon: Univ. 
Sch. of Med., Itabashi, Tokyo. 

The faunistic survey of the marine inter- 
stitial proseriate tturbellarians of the 
Southwest Islands, Southern Japan revealed 
the following seven species: 

Monocelididae, two new species of the 
genus Minona, 

Coelogynoporidae, 
Tajika, 1981, 

Otoplanidae, a new species of the genus 


Pluribursaeplana (?), 
Nematoplanidae, a: masacoae Taji- 


ka, 1982, and Ezoplana oxygona ygona Tajika, 
1982, 
Polystyliphoridae, a new species of the 

genus Polystyliphora. 
The occurrence of Vannuccia hirutai, Ezo- 
plana masacoae, and E. oxygona means that 
these three are remarkably eurythermal 
species, because they have been already 
found from Hokkaido, Northern Japan. 

Variation in number of side-cirri("Neben- 
cirri") of Vannuccia hirutai was analyzed 
among three populations from _ Hokkaido, 
Monkey Is. and Kannonzaki (both in Central 
Japan, unpublished), and Ishigaki-shima Is. 
(Southern Japan). The analysis indicates 
that the species is characterized as a 
population having an intrinsically narrow 
range. (four. ‘to. eight) of variation in 
number of the side-cirri. 


Vannuccia hirutai 


KARYOLOGICAL AND TAXONOMIC STUDIES OF THE 
DUGESIA SPECIES IN SOUTHEAST ASIA. XVII. 
CHROMOSOMES OF DUGESIA JAPONICA FROM THE 
VICINITY OF YOKOHAMA, THE IZU PENINSULA 
AND OKINAWA ISLAND. 

S.Tamural, I.O0ki2, M. oi pe ig M,Takana- 
phi4é,—M. Hagiyas and Y.Koyama6, 
Inst.Publ.Health, Osaka, 20EPA, yee 
3Puji Women's Coll., Sapporo, 4Maioka High 
School, Yokohama, 5Yamato- minami High 
School, Yamato, 6Kdhoku High School, Yoko- 
hama. 


The geographical distribution survey of 
the karyotypes ae Dugesia japonica Ichika- 
wa et Kawakatsu, in the Far East was 
begun in 1975. eae variations of kar- 
yotypes (diploidy, triploidy, mixoploidy, 
mixoaneuploidy) were reported during the 
past years. We still have not completely 
characterized karyologically the planarian 
populations from all geographical areas. 

We recently studied chromosomes of D.j. 
japonica (n=8, 2x=16) from several new we 
calities of Japan, and chromosomes of D. 
ryukyuensis Kawakatsu, 1976 (n=7, 2x= ai} 
obtained in Tamura's culture of cocoons. 
The following karyotypes were found. 

1) D.j.japonica from the vicinity of Yo- 
kohama' and the 1zu Peninsula, Honshi: ex 
3x, 2x & 3x, 3x+1LB, etc. 


2) Ds eile prueruensis from Okinawa Island: 
(34x=-1)+2LB+5 etc, 


It is emphasized that in D.j.ryukyuensis 
the triploidic aneuploidy karyotype was 
found even in animals hatched from co- 
coons. 


’ 


saka Pref. 
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AN EXTENSIVE OCCURRENCE OF A LAND PLANA- 
RIAN, PLATYDEMUS MANOKWARI, IN THE OKINAWA 
ISLANDS, JAPAN. 

I.Okil , S.Tamura2, H.It63, Y.Nagai3, K,O- 
gura3, T.Shimabukuro3, F.Ichinohe4, H.Ka- 
tsumatad, M.Kaneda4 and M.Kawakatsu5, 
1Osaka Environ. Project Authority (OEPA), 
ésaka, 20saka Pref.Inst.Publ.Health, Osa- 
ka, 3Naha Plant Prot.Stn. Naha, 4Yokohama 
Plant Prot .Stn., Yokohama, 5Biol. Lab. 

Fuji Women's Coll., Sapporo. 


In the fall of 1990, a considerable num- 
ber of specimens of a rhynchodemid land 
planarian were found by members of the Na- 
ha Plant Protection Station in the south- 
ern part of Okinawa Island. These animals 
catch and eat giant African snails (Acha- 
tina fulica). Upon an examination of mor- 
phology and genital anatomy of several 
samples, the animal was identified as Pla- 
tydemus manokwari de Beauchamp, 1962; 
chromosomal examination also supported the 
species identification by Kawakatsu (2x=12; 
2sm+2sm+2st+2sm+em+em). 

According to continuous field survey 
trips, P.manokwari was recorded in numer- 
ous localities of the following areas: the 
Okinawa Islands (almost all the entire re- 
gion of the main island and its accompa- 
nying isles); the Miyako Islands (Miyako 
Island and Irabu Island). Judging from pre- 
vious distribution data on land planarians 
in these geographical areas in the 1960- 
1970's, this exotic species has been re- 
centry introduced by human activities pos- 
sibly from another Pacific Island, 


A NEW CLASSIFICATION SYSTEM OF LAND PLA- 
NARIANS (TURBELLARIA, TRICLADIDA, TERRI- 
COLA). 

R.E.Ogren! and M. Kawakatsu2. 1Wilkes 
Univ., Wilkes-Barre, Pa., U.S.A., Biol. 
Lab.Fuji Women's Coll., Sapporo, Japan. 


Since 1987, the authors have been pub- 
lishing a series of Indices on land plana- 
rians of the world. Major known taxonomic 
information has been collected on all spe- 
cies, genera, subfamilies, and families. 
From a modern taxonomic viewpoint, this 
animal group is reclassified into 4 fami- 
lies, 5 subfamilies, 37 genera (including 
2 collective groups), and 2 subgenera; 
their keys and definitions are given. The 
objectivity of each varid genus is clari- 
fied by the employment of collective 
groups (cf.ICZN, 32rd Ed., 1985). Several 
new names have also been established, 

These publications by Ogren & Kawakatsu 
are as follows (BFC=Bull.Fuji Women's 
Colas, Serolh; OP=0ce~ Publ iuga Womens 
Coll.): Bipaliidae, BFC ae in 1987; Ad- 
ditions and Corrections, Pp (19), in 1988; 
Rhynchodemidae-I, Pee Binaaenen ee BFC 
(26), in 1988; Do. -II, Microplaninae, BEC 
(27) = 1989; Geoplanidae- -I, Geoplaninae, 
BFC (28), in 4990: Do.-II Caenoplaninae 
and Pelmatoplaninae, MEBEC (29) pears 1994 
(In press); Do.-A Continuation, BFC (30), 
in 1992 (Ms.); Additions, Corrections and 
Geographical Distribution of Families, 
Subfamilies and Genera of Land Planarians 
of the World, BFC (30), in 1992 (Ms.). 


SCANNING ELECTRON MICROSCOPIC OBSERVATIONS ON 
SPICULES, GEMMULE COATS, AND MICROPYLES OF THE 
FRESHWATER SPONGES, EUNAPIUS RYUENSIS (SASAKI) 

Y. Masuda and K. Satoh, Dept. of Biol., Kawasaki 
Med. Sch., Kurashiki. 


Eunapius ryuensis was first collected in Korea 
by Sasaki in 1938. This species was recently col- 
lected from a pond in Okayama Prefecture, Japan and 
is here recorded for only the second time. 

Gemmules with a rounded conical outline were 
found freely and singly throughout the skeletal 
network. At the base of each gemmule, the pneumat- 
ic layer consisted of one to several layers of low 
polygonal prismatic alveoli. There was a gradual 
increase in the number of layers of alveoli toward 
the micropyle. Some of gemmoscleres were attached 
to the whole surface of the gemmules tangentially, 
whereas others were embedded in a pneumatic coat 
near an inner gemmular membrane tangentially. The 
micropyle was tubular and traversed the thick 
pneumatic layer. Megascleres were of two types; 
amphioxea and amphistrongyla. Both types were 
entirely smooth. Microscleres were absent. Gen- 
moscleres were fusiform with some having sharp ends 
and others rounded ends. Only a small number of 
recurved spines were noted on the surface. 

Our findings correspond to those of Sasaki with 
the exception of the diameter of the gemmules, the 
presence of a pneumatic layer at base of the gen- 
mules and the number of spines on gemmoscleres. 

In many respects, E. ryuensis resemble E. conif- 
erus. The major distinction between the two  spe- 
cies is the distribution of gemmoscleres. The 
gemmoscleres of the latter are embedded in the 
pneumatic layer only near the micropyle. 


DEVELOPMENT OF THE INFUSORIGEN OF DICYEMIDS 


(MESOZOA). 

H. Furuya, K. Tsuneki and Y. Koshida 
Dept. of Biol., Coll. of Gen. Educ., Osaka 
Univ., Toyonaka. 


Development of the infusorigen within the 
axial cell of rhombogens in Dicyema 
acuticephalum and D. misakiense obtained 
from the renal sacs of Octopus vulgaris, 
and in D. orientale from Sepioteuthis 
lessoniana, was studied microscopically 
on the fixed and stained dicyemids. In 
all species examined, an axoblast divides 
unequally; the large daughter cell is a4 
progenitor cell of an infusorigen, while 
the small daughter cell degenerates, 
leaving only the nucleus. The large 
daughter cell also divides unequally; the 
small cell after the second division 
becomes the oogonium in both D. 
acuticephalum and D. orientale, while the 
spermatogonium in D. misakiense. The large 
cell after the second division also divides 
unequally; the large cell after the third 
division becomes the axial cell of the 
infusorigen in all three species. The 
small cell becomes the spermatogonium in 
both D. acuticephalum and D. orientale, 
while in D. misakiense the small cell 
becomes the oogonium. In all three species 
the oogonium stays outside the axial cell 
of infusorigen and the spermatogonium is 
engulfed into the axial cell of 
infusorigen, thereby the spermatogenesis 
eccurs within the cytoplasm of the axial 
cell. 
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ON THE SURVEY AND PRESERVATION OF HISTOR- 
ICAL MATERIAL. 

N.Isono. Dept. of Biol., Keio Univ., Kana- 
gawa. 


The Zoological Society is now appealing 
to survey and preserve historical material 
relating to the development of zoology in 
Japan. It involves rare books, documents, 
manuscripts, letters, sketches, and photo- 
graphs. The most important in this work 
is to centralize them in a single place 
to prevent accidental loss. Documents and 
photographs are expected to be arranged 
item by item in clear-leaf files to pro- 
tect them from damage and to make the 
check of the content easy. 

According to my own experiences, useful 
material is often found among old official 
documents: Manuscripts, lecture notes or 
even the records of researches are some- 
times housed in the library. In these 
cases, important material is easily lost 
or overlooked. For example, two important 
and interesting plans to enlarge the 
Misaki Marine Biological Station presented 
in 1898 and 1944 were discovered in the 
files of general-affair documents. The 
daily records of bird observation and the 
research notes of Dr. Ogawa, one of the 
pioneers of ornithology in Japan, were 
found in the library of the Zoological 
Institute of the University of Tokyo. 
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ANNOUNCEMENTS 


THE 63RD ANNUAL MEETING OF THE ZOOLOGICAL 
SOCIETY OF JAPAN 


The 63rd Annual Meeting of the Zoological Society of Japan will be held at Sendai from 
October 7 to 9, 1992. Further information and application forms will be sent to the domestic 
members in the ‘Biological Science News’ (No. 1). The deadline for application is July 10, 1992. 

For application from abroad, please contact: 

Professor T. TAKEUCHI 

Organizing Committee of the 63rd Annual Meeting 
of the Zoological Society of Japan 

Zoological Institute, Faculty of Science, 

Tohoku University, Sendai City 

Miyagi 980, Japan. 

Phone: 022(222)1800. 


CANCELLATION OF THE ARTICLE 


The article “Influence of seawater adaptation on prolactin and growth hormone release from 
organ-cultured pituitary of rainbow trout” by Yada, T. and T. Hirano, printed in vol. 8 No. 5, p. 
893-897 is cancelled because the figures were not printed. This paper will be printed anew on 
vole 9 Nome 


ZOOLOGICAL SCIENCE AWARD 


Annual awards for the best original papers have been established through the donation of 
Narishige Scientific Instrument Laboratory, Tokyo. The sum of about 500,000 yen will be 
awarded annually at the Annual Meeting of the Zoological Society of Japan to a few papers 
published in ZOOLOGICAL SCIENCE during the preceding calendar year. Every original 
papers published in this journal will automatically be candidates for the award. The aim of the 
award is to encourage contributions to this journal. Selection Committee for the award will be 
organized every year. 


ZOOLOGICAL SCIENCE AWARD 1991 was given to the following four papers. 

Kono, T., A. Mizoguchi, H. Nagasawa, H. Ishizaki, H. Fugo and A. Susuki: A monoclonal 
antibody against a synthetic carboxyl-terminal fragment of the eclosion hormone of the 
silkworm, Bombyx mori: characterization and application to immunohistochemistry and 
affinity chromatography. Vol.7, No. 1: 47-54 (1990) 

Niwa, M. and N. Wakasugi: Abnormal development of preimplantation embryos derived 
from intersubspecific hybrids between Mus musculus molossinus and M. m. domesticus. 
Vol. 7; No-2; 209=215 (1990) 

It6, T. and M. J. Grygier: Description and complete larval development of a new species of 
Baccalaureus (Crustacea: Ascothoracida) parasitic in a zoanthid from Tanabe Bay, 
Honsyu, Japan. Vol.7, No. 3, 485-515 (1990) 

Suyemitsu, T., Y. Tonegawa and K. Ishihara: Similarities between the primary structures 
of exogastrula-inducing peptides and peptide B purified from embryos of the sea urchin, 
Anthocidaris crassispina. Vol. 7, No. 5, 831-839 (1990) 


1203 


ACKNOWLEDGMENTS 


The Zoological Society of Japan and the Editorial Committee of Zoological Science are 
grateful to Narishige Scientific Instrument Laboratory Co., Ltd. (President Mr. Eiichi Narishige) 
for the finantial aids for publication of Zoological Science, Volume 8 and constant support for 
Zoological Science Awards for 1985-1991. 


1204 


AUTHOR INDEX 


A 
Abe. Shin=ichis .2.c60.0. Set ee ee 533 
Aidan Katsunites..2. .25).. eee eee 389, 919 
Alenso=Bedate, Mercedes ee ee 541 
Al-Yousuf)Shoa‘a® 5 447 2 eee DSi] 
Ananthalakshn Mo Ne eee 561 
Ando; KEniI 235. ate me ee ee 885 
Ando. Masato: cs pe ao ae ee VAM 
Aoto, Tomo iyiesnuis cheyenne ee 885 
Asada Nobuhiko: Witenes 865 
Asai. Btsu0 2: 2: 2 esate i eee VID 
Asakura, Shojit see -jnaa. Sees ee eee 533 
Aziina. Kats 3240004 ac eR ee ee 431 
Aguman Masami. ere ee 431, 855 
B 
Babasyoshichikar.....c eee eee 437 
Bartsch sls rg ater ee ee ee nee oe 789 
Bejvan; Stephen; M. 3.222... eo 81 
Bern Howard? Annoy en gaeeee 713 
C 
Camevalit:-Olianade ..7-7 0 eee 879 
Chew Shitebe crt oe rae ee cena 621 
Cohen, Nancy bin. oats. nee ee ee ee 747 
Colard™ Clander stat serie aoe eee eee 905 
CsabatGy Oneyisics ad. frees se eee 813 
D 
Delgado, Jesus3Mee jadacrecceetie oe 541 
Diaz... Mari@i. seth ee eee OE 477, 705 
Dukelow, W.akRs siecle ee eee 323 
E 
EBeuchieBisuke: 4...geecn cee eee 453 
Endo déatsmhiko:.. 4 358 Fee eee 351 
Endoh: Fines hives. s «7 iio ee De eee ee 31 
Enomoto? Vunk@s, 7250 pantera eee Tl 


F 
Fernando, A... Aw 4).0200. 223 oe eee 975 
Fortelius,, Wilhelm: ). )... .423- 55-2 653 
Fosshagen, Audun (332-42)... ee eee oS 
Freeman, Gary 2 ....4....2 45.) eee Jpas) 
Fujii, RYOZO t.e.0. 000245 ..6 eee 461 
Fujn, Yu. ae oe. oo ee 511 
Fujimoto, Yasuhiro: /.-... >... eee 35 
Fujimura, Koichi ......:..: .: ):ceee eee 243 
Fukumoto, Tetsuo, ...-.2- 32). eee 939 
Fukuoka, Hiroshi, R. .:.:...... .33eeee eee 287 
Fusetani, Nobuhiro: .)..2.-- eee 201 

G 
Gancedo, Begona . ...:.5..h45 2 eee 541 
Go, AKi0. 2.5.6 s.csee sani. be. eee 793 
Grau, Gordon, E. ...... 5.0... eee 567 
Gritond, Bernadette 3352.5. -e eee 905 
Gupta, Bz B. Picts... .....00.. 2 ee 625 
Gupta J. Py sce: 20s ee 371, 959 

H 
Hagiwara, Yasuko °.)......:.. 9:22 epee 89 
Hammierschlags Richard” 922-5) seeee eee TA. 
Hanaoka, Yoichi’... .......2.5 eee 929 
Hasegawa, Sanae .............. epee 89 
Hashimoto, Hajime 7... .5---oe eee 359 
Hatakeyama’, Shigehisa = 2-5. eeeee eee 287 
Hatanaka, Toshihiko ..:......... «:...05 eee 121 
Hayakawa, Yoichi «......... ...j:50..40e eee 207 
Hayashi, Hiroaki ....... ......0. 2 eee DZS 
Hayashi, Hiroshi...2:.40:. 220, 0 ae eee 461 
Hayashi, Susumu. 2... 4.04.22 ou.) eee OS 
Hidaka, Tohoru ic0:.2.2..36. 6. oe 485 
Higuchi, Takashiro. «2.0.2.2 +0?- sec See 193 
Hirai,,ReikoO) i% ..4c5 dips aes Soe 491 
inano, etsuydae pee eee 89, 345, 567 
Hirata JUNKO sos .scunee Sheed aoeci ee Oe 447 
Hirohama, Tohru) ).3: 50.00 6 4S eee 885 
Hirose. Eutchi’ .. 2.05 oe eee 951 


Hirota, ‘Chiho: ee Sees eee Wl 


OPI VONIOME 2.555055 hss 6 oss sles aR 437 
Eo ONG 7 i 113 
PURE SSERIERSG 615,20 - (ach vase clon OEE Os p IE Siw S11 
EEE ERTTIONG h. arareiecassrusinre sininre POCA 81, 767 
I 
EN RA IORINS 65), a raeiave a soiuvetn Snel CARCI ES Ue gh 471 
IRS aide fati kis niatielvs misters OEE oh 447 
SE es ee ere 485 
NIE clan a aiiancinivivinis nies AN EL SOO RAO 
eR NMIBIA, BFP piast A cuchiocaibvesn nv /aleev Cele e's 967 
RENEE oooh cru sods olele/vinaciee PIKE LWA a SMO 
Ee 89, 621, 673 
I 25, Mier fortstvesniade SIE WRT elas 855 
EEE AMS ites ivwsGiiiec a CHAE ME 4 alge 699 
EEL SAE SES a5. fcrcieintonis MRCS es SER 447 
ERR RIAIOVICIA 6.60. sie neree OMSL. SON L 743 
EAE SRRS (1 6.00 ce ke iealorcsernrnvin ste bfee bv 2 609 
EMER SO ocrcuiriectonnius.s MUNA LS. . 447 
K 
IIEAS Foes acs croics SOLD HWS), 49] 
a ce ee eet eae 827 
NNNTE oo oi fara acwietnre'e GEMS Le LAS SEE 39 
ss a ee 197 
MIE CORED 9 faints lacs arin ora LS Selva 865 
EE CHI ooo acnialeisiuleis sb te thkaee a RK Ot 201 
ART IIID sa Seis Frain olese teste nie CRRA SAS 665 
MEST ECACAUED: 6.0) jclaioiniece'e's LE aI Re 11 
EPA EY 2) oa 00s iininleceiniasafeie’s SG ES SR await 447 
0 | ee ee 207 
Kikuyama, Sakaé ......... 97;\345; 7435; 929,935 
EN ei oa ois Shicicienns HUA OSE SSI 485 
RII IR EI. 8s ovis nre vietavein bo atti ker’ 81, 767 
EIN GREE cl sin orshnydincap rnin nin ATER Se & oe 157 
EE EMMEDL. RCTIAICIITO. ... 56. 0:d;0cnin.0 ne SESE ot He 51] 
ENE, HUM AMIIOD on, once cs o.ncvsinostioin THELE & a ch oe 389 
a er 899 
ET EEIIS yi Jak wi oie x wip nade Sele Bk one 967 
RRS 0 ol a ait wiars cans bes bw Packale d's es 576 
EE RN REY ons ois. nan ae ASDE I RUR. wis es 5] 
oo ee, a Ce eee a are 681 
SN MEACIAIEND oi. pn inn's dine « oLaiGente «atiowiavD 
RENE TA) ROOTES os cincedp snide MVOMEE 2 SL OOS; OD 
PROMI Soro wdsawcben SEARED idsstle Sl 


OMNES RAT 2 le iaia a dws SARAMIO WL 4 hie ithe 959 


1205 


SUPSOUCL MINEO o.<niisnaie Uhh Ach RINE IO 
RSHIOGS, AVIASHOIKO 25 och iaeinsss.cis SRERME. oT MERE 751 
Rewataks. MGM vi. 5 iicic.c. ktenseys hoes 743 
L 
Pine eA Ty, WV bE nah inwiens CxbIbh obs 673 
SeemStr Ori: WEA PT IIS 36.5 ors SRR CREA ote 653 
PSrensO. ADLOMO! Aisne ccks sas cewaeihgs Ub 477 
Lyte, 0)0) gti OC) | Re Rien ieee cara St 5795593 
M 
Natchand Glande dR? osc... seg Wis eek 905 
PVA UEAIY ANAT Ay ISOS oa) ersle-eccad vices Saba Santas 499 
IMIBTSUOS AVAILSUY OSIM e700.) dui af saine kv saree » 49] 
WIAtSUOK I NONIM ASH cc... 5 daas sthed sone Kies vs 121 
Matsushita), Susumu ....:.;..,..,...d..29 eb i... weds 521 
IP ACSUP AW chs CAN IODC i,5i0. 1.00 MERIT wate ORSOD 
Meyer-Rochow, ‘Bentio, V2 .........nalel). .o: 653 
NASM Atay TAILOS INL 57 ihicinge sap abhcde alles 447 
IN CUES S47 fey 4 Ces Ss ene Fe 713 
IVAN ANP RASADOS IMG he. csoveinyi eS ue oaie ARATINRM de «dle a7 
ihe iacie's) Bo Leh 0 bag Geek nee ORO T fant? eta PEM Bae 63 
IVA LIN A KOTANG YURI o0 5012.02. pereestinss doleeeaes tm .,d MENLO OS 
WARY AR TANEOUS TEU 5 ois Laie chin ws AE RMEN | aS 207 
any), PARE NON 0. 250.5 cis.ccnie,d0 St RIM «bs 835 
IVAN AS HLA APANY STII be ss, )nie vis, iee ROE Ea cle 785 
Waly eiteds POS WIV AUNT YG, hss. sivas fea eS «SAS 785 
WV AtAKe .MIASAV A, 25 5icj.c0es nik de sl AiG bso b lak 549 
DVAR Dec AMNTR Sy PAD SO) Clee Cpe sscilvis, sisicvs SG MOH BML aN 103 
IVa MCAESUIVOSIAN), ic seo d.25s, 90, 0.0, Lo ASTM EBIA de, dim 23 
POMS RACY 5 clon. a cicisieinis, .0,0,.b,0.a oR OAD cs USS 
ahecarne , Crile. 0s ee oar ek ee en ee 879 
SUMO ade Maly MEAG oe tia bie ve v8 ein wik said wae ee 905 
IVALAipi de AEANA IWATA) Sons oo v's 2 0 05% vo eee mele 265 
MIGTAKARAL, TOSDIKS 3...<.2.0.. sts adie. fie keee 617 
Pyatsetbcettttt,  USUBIO! | iai0.t:3,5/s,niscvinn an «kee RMR Bed 287 
PRO ABS, WAT 5.5, 2.5:4)«:9i0)sncrisvcivsh seh ae ve 51 
N 
Nagahama, Yoshitaka ..... .t) .wiioe.. tei ss. 63 
INARASAWA,, EXIFOSDN oo. oie: sc sieainietts phlabicle » 5 339 
ALAS DAUUIO! Gao nas doen ee eet: 729 
2 OLED |<: i a rr ane, see oD 721 
INBOBLOTNS AGIA! cu s'ncish pb cy tein cs 6s. 579, 593 
NARBLOUM, EIBARO i ovehinvensnsss.. 979, 593 


1206 


Nakamura. Haruk az «.....0: CRRIRRe 1 
Nakamura, SUMIO\...6..0..c4n Rte 885 
Nakauchi, Mitsuake .........0:).. HEGI eeeee 11 
Nakazawa, Tohnw esos once cet rane ee 201 
Namikawas Hiroshi) 2420 ace enc See 805 
Nambu HIISaO i.e thc oor eee eee 991 
IN rn © TELCO. 5iec os cp oe nei cctsress tora ee 197 
Naruse, ‘Mitsuhide?s.)...4.4.4. Seer 885 
Nreoll “Charles: Se. cisco. oa Ae ee DNS 
INTGANAKIVOSHI i. nan eons 4 See eee 187 
INiimitura Yukio: 25. < 26k oe eee ee 699 
Namura Kazuhiko |) 622.25 eee eee 97, 345 
Nishi? Flardhisar 220565 eee ee 461 
Nunomura;s Watalae 6.2.40. eee eee 2d 
O 
OConnors Barrys Me 244.53 Ree eee 157 
Ogasawara, Psuyoshiv .2.. 545 eee eee 89 
Osuro, Chitanw’....0.0.4 Ree. RO 51 
QOHNISH, Bh Senses cer AO ee 865 
Ohta, SUGUIU .3 a... ccccxs gedit eel ate eee 383 
Ohta, YaswhitkO ysiencccnn aes eee 75 
OhtsukasSusum) <....43..600= OE, 3 793 
Obtsukr. 4bisashy 24.060 Se 285 
Oikawa, Tsutomu 4. aie ee ee 359 
Okada, Manabum.....4205 eee ae 899 
Okada, YUKO 14.0. dean, AE Ree 835 
Okimoto., Darreni, Ke. ag ee ee 567 
Okumura, Takuyit ccc: occa RR ea 919 
Oosawa; Masatalea: «cies cee ee eS 499 
Oota, Yoshihiko... co Oe 613 
Ozawa, Satosniey.. cto ws.c See ee 339 
P 
Pattamiakom, .Srisawal.\4..4..0 bee 4. eee 713 
Beng, TONG, Xece psi coer oernne Sa Pe 147 
Phang V2 POE. icone oe ene SiS 
R 
Ramaswamy, Sonny, B: ... 820k eee 747 
Ridoway, Ellis, Buvioccciccew Goto See eee 225 
ROSatiy GIOVANNA,: : .5:.-00226 20 eRe ee 415 
Roudebusiiw FE... .2..2c2c8 deete eee B23 


S 
Sadakane,: Kouchil ...... .ecacc.....000 a ee 187 
Saga; Tsuyoshi .........00c:.0cc00.. sce «ee 613 
Saigusa, Toyohet....2..:2-00s eee S164 595 
Saito, Yasunori... 0s. 4:0. 0s: snes eee 951 
Sakagami, Shoichi”............. .s0 eee 169 
Sakat, Makoto °\....0...0....5.... eee 929, 935 
Sakai, Masao’... 00. ..0. 40s eee 309 
Sarkar; Devaraj, H. B............ eee 561 
Sasaki; AtsuhiSa. «......0.00.......000e eee 359 
Sato; Mika (0.0.00. Si 
Sato, Nomyukt ...0.0.../..25..20...00eeeeeee 207 
Sato; Toshihide © .).......00.4..0..22 eee 835 
Sawada, Isamu. .........00.08 Jono 715 
Sawada, Tomoo: .....0.. 00... 00.2 939 
Sayama, -Kazutoshi....-. 2... 359 
Schaller, Marilyn :................. ee eee 81 
Setke,“YUufi .oscccccecces ecu 2k eee 693 
Seki, Takaharu. ......00:..000 00000 eee 855 
Seki, Yuko «2.4.0.0 000.400. 3 447 
Sekiguchi, Tatsuhiko ..2..-2 2 -eeee eee 103 
Senshu, Tatsuo ...........0. 05 eee 729 
Serizawa, Osamu .......5..000.00 eee 329 
Shen, San, T.. 0.0.0 ..0.00546.0 6b eee 739 
Shimazaki, Youji 22.00)... eee 453 
Shimba, Fumiko ..................... 22 eee 973 
Shimaoka, Shim ......015..:66. 000.010. ee 499 
Shimokawa, Ken-ichi .........5eeee eee 265 
Shivabasavaialh ..................0.. 5.0.2 ee 561 
Stacey, Norman, E. ............. 23eeeeeeeeee 389 
Sumi, Yawarad... 6....00..6 sees 00 S86 Se 287 
Sundaran, .A. K. 00.00.0000 Hee SMA 
SuyemitsusPakashi 22. -ce eee 39, 505, 693 
Suzuki, Haruhiko ©.............04....0/0cn 103 
Suzuki, Kazuo, T.........0..404.02 2 287 
Suzuki, Takuro. 2.00 2.054..05.00 eee 287 
Suzuki, Tatsuo. ......0.0.44 JAR eee 453 
Suzuki) Tohru’ ........0.00.052...02. Oe 2S 
T 
Masawa, Masatomo: -24----2- oo teens 345, 567 
Tagawa, Takasuke. )...2.0..¢......2. eee o/s 
Taguchi,,Masatoshi, 2::2...22.22 sere Sila 
Wakahashi, Hiroya. (2.2.24..... eee 63 
Takahashi; Makasw. icc Ab... ee 207 


Takahashi; Nobuakiiccce acne enn 207 


RM ESEAY S SIMIAN) oy coc ux v sows Wn Doel is 549 
REMI PEACE, Men oe ec cece eke s 705 
MRS SAOEMIINE cs ac any wa ye eae as se dis ewe OOD 
EN Es ee 705 
TS Ot EL? See eee 885 
DERE FUND |... < . 5 sede deck J Shwe 705 
EE Ee en 899 
SE MIDE nas cs emawesds jens 869 
TEEN oun coc ec aie Sy RTs wins» ak 639 
ES ee a eee 929 
Fo os kw ks ees Me nies 359 
NE ee so hc cca s Cergeed Site 621 
ee or we GR J 
ES ee ere een 625 
ERED fora 2 sin ole a ie Saw wd fermerh® ome 395 
ST, ee 939 
EES en arr ae eee 39 
ERINOEN ei. os 2 wie eo uwe ta orp. 201 
INI a one icine wan Hs wes aha Sop 461 
6 a 39 
a 179, 265 
U 
En oe 935 
SE MRTINET Ds ooo esi o's’ sos cima 157,317 
I EAMICIS-DIGAT ow oc... 5 5 pesjacdia 4. atest 713 
IMEMIEED 6 oo as ot Oe eng ary Sie 617 
an. ee 885 
Sa ee. a ee 339 
Es a ees oe 533 
EE nee «ee ae 329 
Vv 


CS eee re WS eee Ye 415 


1207 


W 
Je UE | <r 135 
WRAICET POU Es oc os Si ec cw mennn 43] 
WRU PANGAN «oy. ca vincde ck ee ceases 147, 973 
PAS VEAIGGRE 6 us Fea Sets kv cas saci 8 693 
Dien LOG: EMERGENT 18S icp a o's w e's ovo 3k ba bie 2 951 
Mot tit tLe - 710) 9 ns es a 983 
Ve Le 081.0 C1 Ci a i ae ee: 
PVM AUCS USIVOSID es fcc nies y sc sce aby cba 3] 
WGMLE DCTS A ASSIINO cw x 5x acd ose ave oF Aru k ees 847 
Ne ee ry OloMiL tne so. feats ae. 609 
DVRMICHOR NATO WIN 2 8e ceed oes oo oil ails, 919 
Wramlalns: | HeOUOtes Pes. 622 o2scee ed Pde 43] 
Y 
MEME NUSHISIN: Poche hod cots parti ete 103 
Pmt PUCHI TSUNEO hyo ow e256 cosa od feel 187, 437 
Meamamors, MaAZUtOSHI 8 oso vent Deaquce Fed 97 
Demag OLOs YOSMIM «}< o)..602 2h cae hes gems 329 
WAU Rals cP oe Pui eee Sie hh and 49] 
PesOSARA. TAISASHD «so hccees Golo eRaRinwek oak OUD 
Oe AMI ASM IEA ROTTS! «Aik oc, 0.0. cl osteeeeed ee 609 
WUMARIA GEN IOOIE Tee Gio ici cieicia's See ATES Oh LTS 63 
Mamasisawas haGdSh: 4.0.05 222 voupidestal J exieate 935 
Nissiindids PUnntO 00% dedbinas dcaicie ne nies 243 
Wenemura, Nasayosht .... 6 <2. dcestent. . vows: 865 
PE@emiidiny NdaSAYOSDD occu sda yaig ds . sya 617 
PONMIZART NOHO. occ ceded ietadiesives fs 2956308 
Massie, Lele feed. o 2 ardioie ST eteed 617 
Ae Oe dies Yo ee soe ee es certs 733 


1208 
AUTHOR INDEX 
(Abstracts) 
Arai, Yasumasa .... 1050, 1117, 1170, 1171, 1176 
a Ariizumi, Takashi .......-..0/) 02) fu 1091 
Abe SEMPOSHIES S55 ee ee eee 1028 ‘Arikawa; Kentaro «:......0......2eeee 1029, 1032 
Aves Biroyukies 2.55. So es ee 1078, 1094 Ariyoshi, Nobuyuki .................. 1144, 1145 
AEP Runiya os 14 i OSES ree 1069 Asada-Kubota, Mari ................. 1115, 1116 
Aber Marikom sc .o 50 54) 4 eee eee 1086 Asada, Hiroaki 222.0000... +. 23 US) 7/ 
Abes SHimearehit Fc foe eee 1065, 1066 Asami, Kouich ................. 1056, 1115, 1120 
Abe: Takeshi i282 ccc ch eee 1064 Asao;.Tezro: ici05).000005.0.0 eee LOW, 
Abe? Lake yuk. oscwasyacsrencct sure 1051, 11388 Asaoka, Miho’... .50¢.000454..eeeeeee 1109 
Adachi; Shingic 8 33 o2c2+ SRR e eee WS “AsashimalMakotoi as 144- ere LOSMESOS2 
Adachi. Takeyalkiss 2-238 ee eee 1189 Ashida} Masaaki 3... .253.5 40.245. eee 1050 
Atvelus BromeAc 38.20 ee oe eee 1060 * Azuma; Atsushi’ ..2.....0.... 7) eee 1080 
Agata: Kiyokazitessgen eee ae ere 1073 Azuma; Katsu es). c)..55435. eee 1033 
At, TRrOyUKise es 2.) Peri tes oe 1043, “Azuma; Masami! 35. 1225.52.40 seen 1033 
AiMNaohiro 3832s cco ROE. ee 1041 Azumi; Kaoru 2.0..55.5554.0).5535 eee 1051 
Aida Katsumir os) cscs 07. Se ee 1178 
Aikawa): Masuois.8 3 oxs 20 HO eee 1160 
AkahaneS Fitomit «).0.495-0075 Veet ee 1074 L 
Akai... YaSumasa) vs -222606s-200 4 OER Ae 1082 ° BabayShojijvA® 2.400.465. 40 eee 1060, 1061 
Akasaka, Koji ..... 1080, 1086, 1087, 1088, 1122 Baba, Yoshichika .............. 1040, 1042, 1097 
Aketar Ken t.ccsccercnceey 4 Oe 1095 “Bagnaray J. 7. ..60525205.505 230 1090 
Akimoto “MakiO \ so0xn0 225. eee Ss see ee 1056 + Ban, Yukart’ 522232320050... eee 1074 
Akiyama-Nambu, Fumiko ................. 1075 . Bandoh; Keizow .:..5..:.) >) eee 1068 
Akiyama’ ‘Padashi: «...00.+4 eo ithe 1190 Banno, Voshikazu........:....3 1140 
Akiyama; T0vyOkO. 744.50: A RATE 108! ‘Bessho; Tomokoy.72) 2 .5.3253.-0e eee 1091 
Akizawa. Toshiumils <a0<a..os4 eee eee 1069 “Birenheide; Ruediger 75255575... see 1162 
Amakawas“Taisaktt a. .e00c eee ae 1046 ‘Brand; Joseph Gi. ::. 22.2... 354 1047 
Amana NaZzuhitonas ss ccsoan eee 1108 Brey; Paul 1. s:232)0.2044) 33 1050 
Amiano, (Masanumiii 205 sas1s0% sea hoen aek 1178 
Aniemiiva- Shona te a eee 1083 
Ando: FIrOnOE sce oe eee 1196 ec 
Ando: Miasaalan oye ere cece eee 1172 + @ervellosMelchiore >>>. eee 1084 
AOki Neti. Se eae era esaatae: 1066,.1116  Chaen;, Shigeru 2..22...-..2..5-- eee 1058 
Aoki, Setstyukl sean: ous pos cease aan 1182 Chia; Fu-Shiang ......52.2.357.0 eee 1195 
FOKM? Y OSHINODU e226 nsec ce ee ss ee 1103. Chiba Akihiro...:.. 57.22.5424 95 ee 1164 
OKI, “YOSHI a. 95,528. eee eee ee 1035 ~~Chiba, Akira ..... «600004. 50.0.0 1179 
OO; FOMOIL ase ade ny oe ee ee 1174 Chiba, Chikafumi ........°......-eepeeneee 1040 
Aotsuka,s Ladashi <4. 0345-08 bee 1125 -Chiba, Joue’...0.2. 9052.00 eee 1135 
A@yaniasMasashit)...2%% incre eee tee ae 1096) (ChibakeKazuyoshi@ee en ee eres 1095, 1096 
Aoyanlas Takako, 322 Geen eee eee eae til) =69‘ChibaYoshihikos.........42.0...2) eee 1037 
Arai OUMGMTOUM ; couse pes seekers eee 1056 Chinzei, Yasuo%en.. ...4..0...0) eee 1146 
Avra IVOsiit® = 4.2.0 ..25.6 25a ee eee 1066, 1116 ‘Choy Fumiakieye].....283 eee 1165 
Araiy Pakayithte 33... cote eee ae 1145 Copenhagen) David Ro 2.2.->-eono- eee 1032 
Aras Vaka0 ee ee eee ee 1075 ‘Crescitellt,, FOUR eee eee 1030 


Dan-Sohkawa, Marina 
Daumae, Masashi 
Deguchi, Ryusaku 
es. Evelyn Grace T...... 0505.0. 0008 
CESS 6 ee A es 


Ebina, Yukiko 
SNM IMIDMS CS. os. eee ven cwes ein st 
Edamatsu, Masaki 
RES 05h xciniv de aren SETA 1029, 
Eguchi-Kasai, Kiyomi 
ACME... 2. -- 2.2. se the 
Endo, Hiroyoshi 
AUINEROD oon ico nem xm 9 BIER «Late 
Endo, Makoto 

Endo, Takeshi 

Endo, Yasuhisa 
Enoki, Yasunori 

Ezashi, Toshihiko 


fae Ss we = 2 6 Sine & m6 8.0 e) S's 
“Y Wy oe we ee ee er en es oe De a 
Se. 8 ew 66 @ ee we ee 888 9) eee b 
Sa) ee S28 2's 2 2 mw Se eh S Ss Fe Shake, 2S 


pe sne reuse bn wie» 6 eis bee ss «© «he 
See ee ee ee ee es 
ee ee ee ee ee ee ae ee 

ee te ee ee ee es ee ee ey i 


| 
Fujii, Tamotsu 
Fujii, Yasushi 

ES oe ee 
Fujimoto, Hirotaka 

Fujimoto, Katsuyuki 
IND os wisn wisi ee wioniw anise SSIS» 
Fujino, Hideki 
MNO ccc cicwcr snd Biteul osc be 
Fujisawa, Hiromi 
Fujisawa, Hirosuke 
Fujisawa, Yuko 
Fujise, Yutaka 

Fujishima, Masahiro 
Fujita, Michiya 
ERIN TUN is ae 0 win nce a SAT RN » ale 
Fujiwara, Akiko 
Fujiwara, Haruhiko 
Fujiwara, Hiroko 
Fujiwara, Shigeki 
Fujiyama, Shizuo 


wwe bie ww 6 wie eee ale. 2 he 


eee 


oe De 6 6.6:0'9 0.210 0:6 Bid bled 010 7 4 


22 P A D8 O'S 9 0.6) 0.0 0 610 610 we OW Pe Oo oe 


SEU BH6 a OOD 6 Oo 8 6'4,8.8.6 A POs ®D 


te ee ee on oe 


Bete SACHIN, |. css. sens ciineewuc hd, 1473 
PEMA) DOSOMIRG os ks ven ss sca sss 1076 
Beem YOSWMICA foes o's os vo ov daectre sts 1034 
PA RGMIAGH AENNOSHP cif ki, 5. ss was ssn ce. 1119 
PRROtSUs ARCA 5655.5 ctl donsicnichast 1148 
REMAN ALLO: sons oor xe ARS Mies fs owls 1164 
EPIRAIG NEST Aes, oc vn ow selon Le seks 1066 
PRG: PONE ys os ois oss eadertar Ys s hook 1199 
Peacciday NiSGn0rl: 4. bss... ess sc eeeinte ds irs 1135 
EPA, PRIAMIASS no cccakc > sev eos ope vr eeiteeeed 1091 
BT SEIS ho cis sn ya Ne eh. eoates 1102 
RUkAMAS Uy LAKSaSD! ........ Meee eo «deuce 1144 
Hekasnl. SSMRaSa sync ens oss dew... 1036 
RAIN SIUITUKOY goss een su sss MRSS cE 1159 
Ruknvawa, losnihiko, ; :....: tlisends choos 1090 
RaeGate EMTOVUKI, 6.00500 e ousted «<A 1044 
Hosikohiralakebito. «25.4... .0scae vente. sat 1141 
BES vals WESUT UL ais oo vss ie SRD Fc ace 1069 
Bimal ae MIKO) 62 Sin cneoecesne DUM R Av ads 1063 
aN CR 5) ee Se ee ia Bk 1108 
amy ay AIGeaKa oc feos nso MEPS Ca 1200 
Piva, SHIPEMISA, 005 ce sseus >t SEG a 1086, 1087 
G 
SAPO OUIGIINOUTE «ob sco bunk es ate maha ik 1167 
CeMse RE AWICOCE IL... 5505.0 wut dblewel 4.26 1181 
CULE 71 EBS Coe se Snel i Ps es eee rs 1033 
CCT BY Th SS] 01 ee rs PB 1155, 1156 
Mio AAT UN ATANINIC Oe fino ise was cS plabtamicle vchte 1050 
PINAR one s.. Meee 1. erallies 1064 
aN MNISHONE fio: eco eo nao ERR Ss oe 1122 
Re SEN Lr rales esos wane ofS a ew Be 1105 
SARIS NNR ANETATEAD) Ue ho ihn ip sd lv vs jo ww oo SAT OATS fe 1092 
ta te MA a ooo ass minie'p oo win es 1196 
H 
ctl Celt). + anny et AE Sted 1124 
PRAEAV A WAOTIO. 5p acai esta cnnaoviawnoow te ReR ee 1199 
il ERS 6:0 Se ne ey es a a 1104 
SaaS IGE MCID Gino ds sinew s MERI. s'%'ss 1075 
ee ee 2 en 1126 
Hamaguchi, Yukihisa .......... 1098, 1114, 1115 
ERR OY OUI ods icc jn. asnias' DV 8's 1147, 1168 
SR MIDOLRE 5 osc canard bicbe Ohid . 1142 
Pidiet, SAMIAEN sis cece enh ws ae ets i 2d bee 
SAAMI is care NOL Gieaas tose ok s . 1106 


1210 


Hara; -Masayuks «<.in0. 56s stinn eere reeee 1140 
Flara, Reiko: «siiia ccs ccscndigd ee eee oe 1035 
Hara, Tomiyuks 0.1.2. <.txc See eo oe 1035 
Flarada. Tetsuo: << xcccivannc ee eee 1188 
Flara-Nishimuta.: TikcukOy.cc.cen seo eee 1035 
Haremaki. ‘Tomomil <2i.6t<5t4 ox Saat eee 1153 
Hariyama,.Pakabiko. ..<.c..<¥<ee eee 1033, 1035 
Faruguchi, Yoshiko «4.4 ¢.0 252 ee ee 1086 
Harumi; Tatsuo: << cxn6s6<dknkd ee ee 1095 
Base saMakotoinc sks cccké nak ee Sees 1097 
Hasegawa, Hitoshi... ...02.<csne ee eee 1103 
Hasegawa... Yoshihisa... ..... Rana) ee 1178 
Flasecawa,.¥ UnikO: . f.d45 sxe. 5 Ae ee 1183 
Hashimito, Kohji. @: 2.5 5-<< Ga ae 1065 
Hashimoto, Koichiro ..25..0 ae 5 ee 1067 
Elashimoto:-YOKO! .. 20.4.4 cece ee 1030 
PrasumissMasato: .c:0<sccsannee ee ee 1181 
Hatanaka, Tsuneo: ..406s...00 MO ee 1048 
Matton, Atsuhikos.cciin uc deesc ene dee AS 
Plattorts FIO Whe. «ic sys pen Lecter once eee 1111 
Flattor, Keisuke: «4.466.000 cnee ode toe 1184 
Havakaw acKayor. ijn kee teat 1098 
Hayakawa; Yoichi -.2...c.0:5.06ee a 1064, 1182 
Hayashi, Ghihito... .).22he. 2 eee eee 1136 
avashitsbunoakites...g5--e 1147, 1167, 1168 
Hlayashit,<IROSE say.s.s. 007. were renee Gaon Se 1055 
Hayashi Eiroshit.. 4h goto ee eee 1164, 1165 
Elayasiti,. SUSUMU ncn oni aajere nent aicaee 1192 
Elayashis Menutakes -.2.1cciratienrctye eee 1193 
Efavashi,, Yarn cacti r-so 02. Se ee 1118 
Hayashibararwhakesiit oc crests eee 1187 
Heyward wANnGiew, sacinc: cums ee 1145 
Hidaka, Michihitoiis..c.n.cen. 4 ee 1105 
Hidaka, MichiOw iy iecnctoctr uke: SEP ee 1053 
Efidakas Solin cnet ceveonestyton gees eee 1030 
Hienchie slakastitove ctr a eee 1044 
Elin; Akiva) os2.esnotete eee a eee WWZZ 
Hirabayashin Sachikones. one eee one: Oy, 
Bhitabayashi;. Tanmi0...:.6:.ccnoc ee eee 1104 
FATA. FROUKO: sagiesscscsserzste-ote ions oe Oe 1158 
Bttnat LOSHiAks ssi cesrncrcrncn cee Oe IZ 
PligaAkKOw, Refi. .0.6cicc nrc taene See 1100 
Piirainotoss YuUKIO. «05. ee ee 1097, 1106 
FA aOs MNCISUV A fate asc secon Ae AE SO SALI 
Picanoe ayo, Mi... cance nee oe 1188 
MitanoaMosmiaki, J... .5.ccnrccee eee 1188, 1198 
jg the: te men Ail 1) Ce rier eee 595 tn 1116 


Piaaoka, (USuyOsits i ..020 eee erent 1145, 1146 


Hirasawa, Satoshi... <4... 2 oe. 2 1146 
Hirata; JUNKO: |. e2 cceces eee ee 1076 
Hirata, Kanako «24: 5.0 noe ee 1118 
Hirayama, Yuji. .....:.:...5058 4. eee 1146 
Hirtpi,. Laszl6,...... 45). «0. 1038 
HMirobe,Tomohisa........-.... eee 1158 
Hirohama,, Tohru......./. 2.1.) eee 1174 
Hirohashi,Noritaka ............ S053 eaeeee 1095 
Mirono. Masatumisene cesses 1123, LISS B86 
Hirono, Yoshiyuki .............9.-eeeeeeeee 1149 
Hirose, Yuichi... 3.50 en. oe 1081, 1094 
Hirota} Kiyonori ..........-.7.- eee 1042 
Hirota, SOW oc. 06. .c eee cae 2 ee 1048 
Iisada, Mituhiko)....- 2)... eee eee 1044, 1045 
nisanacaeohin=ichis eee ares ree tite hi Aaatss 
Hisatomi, Osamu ......... J eee 1035 
Hiwatashi, Koichi .........5...0. epee 23 
Miyoshi, Hironobu =. 2. >...2---) ee 1066 
Hokano, Masami... .:.........2. eee 1154 
Honma, Yoshihar........5.-.. eee 1179 
Hori, Masatoshi .............2.02.-60eeee eee 1058 
Hori, REij1 ...ced. caine eo. hee cee 1070 
Hori, YaSugi 2.0.2 ...0020000 200 7 1159 
Horigome, Usuneyoshil 2)... - ... seen il32 
Horikami, Hideki ............5. eee 1150 
Horiuchi,,Ryuya ...:.....:.... eee 1158 
Horiuchi. (Shito,.. .4..02-. 24-2. eee 1039, 1140 
Hoshi Motononiees eee eee 1095, 1096, 1144 
Hoshino, Katsuaki .................) see 1095 
Hosokawa, Kazuko  ...............0.0c000 eee 1093 
Hosono, Masamichi .........5.2 eens 1050 
Hosoya, Hiroshi. .......-..........2. 2 aas eo 1132 
Hlosoya, Natsumi .....5..2. eee eee 1160 
Hout, KOuUji sess ee coe ose ono 1053 
Hou, Ling oiecncsicokcwicnee ante eee 1118 
Howarth,. Francis.G.., ......,........0.. eee 1189 
Hwang, Kwang-Nam 2.22.2... pene reeeeeee 1164 
FtyOdOs SUSUMU 5. peeere ore eee 1170, 1172 
Hyodo-Naguchit Yasuko) --2-->- sees eee 1126 
I 
Ichikawa, Masumi). ......... 0.0.0... S8 eee 1046 
Ichikawa TOSht0 s:. 0006 1cc000.e 0. ee 1181 
Ichinohe Fumihiko! 7.2) eee eee 1200 
Tehimose. itOshi enc... coc jc ios: cua oe 1143 
Ides Elin oyuki yeas Pee rere ee 1074, 1102, 1103 
Ideyamia; Shin. 00.200 cn ccee eee 1050 


NE ESRISED EES ow wa a's, cnn SERMON 1054, 1173 
CMRI 6 6.55 asa wo 5 SUB BE 1175 
RR AIMED Gs acne nk siden ORT A 1164, 1185 
MUI SCLUNOSUKE 2. ok... cee eck 1075, 1132 
OUND in. ain in os « A CREE, EE 1175 
MIRE BS YRC oo a wna a RRO. UILGN 1143 
SST) i mn rs eee 1125 
SII ooo ro a dn Sena tN ORR Aa 1145 
NED oo g.ms s.s.cnin s ARUCLE LA. SITS 1194 
Er eee 1038, 1139 
IIESIN TR R ES cnn cn ne EA 1145 
Ikegami, Susumu ........ 1052, 1075, 1076, 1111 
SIAN ES vinci wan sig Shas Le 1069 
SEN EE oe ain ce aa, RURAL SOLAR 1034 
GN EE eee cs bots og Gi badd 
TS ee St oe ae or 1152 
EN ISEB Se oe was cw o's CUERMLL BURR 1034 
eee er 1093, 1137 
EE ne eo) Sry eee 1163 
NUE ce oo cw cc an dud oa dae oek «8 1177 
EET oo ioe wn we we ek wel 1174 
0 SG) rrr 1139 
MINES ooo oo eis nn own SRO Side, dt 1060 
Ts. wo ean hee desu 1068 
RISEN CDS oo oi a hen unc nw an SAMUI. ald 1180 
aa es Se 1079 
ee re 1079, 1096 
Tok aie cic CSE GE 1171 
IU 3 ooo aoc no a's oe OE AMS 1088 
ein ccc unc unc emndewesesles 1068 
EE MERMELO. ok ohana c ao on thhlods 202 1160 
CS Te 5 ae 1163 
ene ss, ae, ae 1054 
NN ea ain ka nm oho etdes alee 1166 
EE Ao ret? eee 1151 
Ea a en eS Fa ae on 1072 
NR os oat 5 siteen wee, ER WEES den Be 1132 
I ee to 1150 
RN i inn ain'a ne 'svacein nas RMMLEIOR Dod 1062 
INR a a vam ninnaninaiemneadn ads 1071 
RIE i Sigh cin won « eee 1065, 1170, 1177 
ER MMRRUDN Bee. cies ann cis an Ka Lae wk 1106 
ne Terie eat | 1160 
8 SE eam e Smee? | 1156 
Ee) a ae 1085, 1086 
RRM PR a nian wake SREMDE bho sla ok 1060 
SME NNEIEIEN, 5 lala scin o.nind ann GbE oboe wa 1060 
Ishikawa, Hajime ........ 1143, 1147, 1148, 1149 


1211 
eas) SNEBITOSHI, 6. ics s os sickened. cows 1112 
BAAR ORM diss xa skis ss SARE wt 1136 
ET MONEE sce ws vin ves BARA A 1110 
Ishimoda-Takagi, Tadashi .................. 1131 
Peete PAWN ok oii sas acs RR SS 1180 
SSS Ce er ree ee 1144 
Peinztiye- Okay Atsuko: cys ie bse wi 1092 
eemta. Pstuhiko. oo. oo. el tclbleeik 1075 
ESSA SSUIPE VAS 6 og cd sp se'n a csi tion 1055 
oie OES 0 ee aa 1132 
PSG INAONIGE iiih 5 sc cb ceca Ss eres 1201 
SUK aIGHT: EUtOM oe a. ed coat 1159 
HiamawWea MNIOUOKION os pen csc telao Ks. artes 1118 
Pol WA RET) Ce 1 nn oe, eS 1198 
LARTER TIER iso ov niki cixy VERMEER Oo eet 1200 
POSS D Otero diane aaeees 1069, 1115 
Prat ViASaMON ee ocd ss os w wae es eee bz 
POI orzo sia do oe SER ae 1113 
Pe UOMO Nea k on ss ccc eau anne eee ak 1108 
Prater TCG oe a ke ka 1070, 1079, 1080 
Pegs VOSDIMIION Ss 5.55 «4 os in gc «See ee hi22 
Betsy Eiisasbiin ois csdslin cas alate ee 1134 
Iyeion. Nobahar: : . so. c.. eee LISS 
Be ARG WON, 5 'eosins xu paes SRE RIO ces 1038 
Beis PIN es ss vinta ins « oe 1047, 1053 
lwamatsa, Takashi ........i1%.3. 1078, 1079, 1111 
ESE) CC) are 2 Ore sere ae 1180 
RUITURLO SOURAV ICI oon oa na ean eels 1167, 1168 
Dee TOON ey Fos Sis a noo wea eN Skies « opishs 1091 
eet Ones, Oe oka s ieee as wk Radek 1113 
EATON 5 ay inn die lnes p's lords 1033, 1035 
Osea OSTIES ore iat ss CaM, bean 1141 
DIS AIRING 5 ask ce nw oo eee AS oe 1033 
oe FR g PES i a nr re 1177, 1191 
PRIS eS lole sa ans noon Cae Ra dts 1072 
Deets IVITTIC TNC Soo cig snincs'x wa > MOM cee 1172 
aS SET oy | a 1133, 1142 
5 ae Be: ro) Foe Ree, ae 1057 
PN A oa a ios dnd ve oe poh pose MEMO ad 1077 
J 
BORE UNSINY MATE IS Cos one min nne gnc Oda kes « 1122 
RRs SS a ee te ieee ees 8» 1065 
Se PNRUNE | pe etre ny inceanaa thes iten s. 1116 
K 


1212 


Kabasawa,HUroshbt. « «ess <<k ERR a 1037 
Kadota;,Tetsuo «2: ccvisa cox tins see Cee ee 1037 
Kapami Osamu oii scd.cdwdes v poe 1136 
Kageyama; Takashi. ... 026252. Aare 1139, 1140 
Kageyama, Tetsuos aici. scene eee 1081 
Kapotanis RyOkOe isi. cce 66 do. 0s ote 1084 
Kai-ya; Eiroyukth 66..0.044 See 1169 
Raji Kazuhikoueeet «esas cxac. ee eee 1158 
Keay Shine is enc ee Ss) 
Keakedaheiko 2.022.444 0040 5000 1147 
Kakeyama, Masaki. cc. : 2cecec ccs IUILZAD EZ 
Kakinumia,. Kastuko:..< . <0: docs SS eee nee mil 
Kakinuma,. Yoshiko: «2.2.0.0: sce eee 1187 
Kakuoy Yoshiki. 4} i005 scts. ce aie eee 1182 
Kamatay Yasuyuki o.225ecee eee ee 1086, 1087 
Konbas! Mari ®0202% < oacaninetes ene 1181 
Kamiguchiayuyjiroh. .2..2..252.2 5. eee IIZS) 
Kamiya, Kiyonobui 2.22.4 25225 fee eee 1185 
Ramiuya Mice). | tectsecat ances Oe 1050 
Kamiya, WRitsum@rs: 54.4020 sak bocce Se 1136 
KanaissChiekOhe. 4. <01. semen an ees 1067 
Kaneda Masashi. <<< 24% se%s Sas 2 eer 1200 
KanedawMizuliom.<. <2 .<350. ae INST 
Kaneko, Firoyuki. .......42< 42.41 see 1161 
Kanekos TomokOr..5 6.022 cade. See DS 
Kaneko PYUMKORY oi. sc4 cen AER 1031 
Kano; Kazutaka...c<. o2cdieenshs SO Reo 1185 
Kanzaki Ry OEM .2.6m..0ine dao eee 1042 
Kanzawa,( Nobuyuki. <2. oc. 24 2cuaneeeneee 1130 
Karakiblideakits 20 .k.cennmortee 1058, 1160 
Narakadan Takeout. & ce ech win cho eee 17 
KashiwaerMAkiniko. 5. <2 «ci sacen eee ke 1076 
Kasuga, HImiOKORe 2... cnniccen eee ee 1142 
Kasuyay Y¥oko?.. (nuances onensnk soe eee eae 1170 
Katagin 7 Chihiro? -ene ne 1113, 1114, 1145, 1146 
Katapint,. Yastiouws es <n <nctc cote AO 1031 
KatowsHidekt. .....2¢.6 ch nanan ARO 1083 
Kato, Ken=ichiee 46). t.ccenccuaan Rete 1107 
Katoh Kaori itis. cedccin ence eee 1061 
KAO, KGIEhD nee 2c anh acer one 1150 
Kate; Mantkios oii: 62.p.caced ieee eee 123 
Keaton Misaki). ..26 220 ae een eee 1145 
Katohe Setsukow:. «20.2 0.220..% Gene eee 1143 
Kato Makakow's. ...«%.<cicemcanmme nero me weee 1165 
Kato ZENKYG .. Sos... oink anise ena ee Bee 1176 
Katsas YOsninae) ..2..c0<¢ec8k inten eee ee Wis 
Katsuntatabiagime - - 2a eee eee 1200 
Katsura, Gore. coc eneme ck sees e ee 1104 


Katsura sNobulhiko ..0....2.......5.0 eee 
Katsura; Yoshimoto... -......... see 
Kawahara, Hiroyuki 
Kawais lkkukow. 2... ...d.06..0.<0 ee 
Kawakatsu, Masaharu 
Kawamoto, Manabu 
Kawamura, Kazuo 
Kawamura, Ken-ya"............. see 
Kawamura, Kousuke ........... 
Kawamura, Yuuki 
Kawano, Akemi 
Kawasaki; Ryouji’2.:)......... .eeeee 
Kawasaki, Tamami..............90eeeeeeee 
Kawasaki; Yukishige .:............)905eeee 
Kawase, Eihachiro ............- 9.) 0seeeeee 
Kawashima, Setichiro 
Kawashita, Hiroto, ........... 343 
Kayada, Seityaii.i%.......0..200. eee 
Keino,-Hiroomt.. ....... .:...... 5. 
Kenny; Peter 0.050. ..06.0d. 22 4 
Kiguchi, Kenji 
Kikkawa, Yamato .......... J;- eee 
Kikuchi, Kokichi .............. 32 33eeeeeeeee 
Kkokuchia Shin=ichitee-n..- eee 
Kikuchi, Susumu.............<2 003 
Kikuchi, Yasuhiro 
Kikuta, Toshiteru 
Kikuyama, Munehiro 
Kikuyama, Sakaé 


Ce 2 ed 


eee ee ee we we we ew we 
2  Y 


Ce 


eee eee ee ee ew ew ew ew ww 


Ci er) 


eee eee ee ee 


CY 


eeee eee ee ee we ew ee ww 
eee eee ee ee ee ee we we ee we ee ew wo 
eee ee ee eee we we ew we ew ee ee 


Kimura, Akihiko 2............. eee 
Kimura, Kazuyuki 
Kimura, Ken-ichi 

Kimura Masashi. ..5.5.0. eee 
Kimura, Sumiko 
Kimura, Takeji 

Kimura, Tetsuya 
Kinaga, Takashi 
Kinoh, Hiroaki 
Kinoshita, Kei 
Kinoshita, Kounosuke 
Kinoshita, Se1ichiro 
Kinoshita, Tsutomu 
Kinotant, Mian .i.cce ccc conn ce ieee 
Kishi,<Kayoshi iatheccn'ec a ence 
Kishidas Mitsuyo....02.s.n0ss «1h eee 
Koshimotomillakeomae eee 
Rass Mittboreh tl A adh a cad when nee 


Ce 


ee  ) 


ee eee eee ee we ee ee ee ee 


ee ece eee eee eee ee ew ew we 


Ce 


CY 


CC i cy 


Cy 


eee eee ee ee ee ew ee ee ee 


2 


eeece eee eee ee ee ew ew 


1056, 1167, 
1169, 
LTS S5 


1105, 
129% 
leis 


1092, 


1UIS)S), 


1056 


1087 


Ay, 


1064 


1162 


1155 
1097 
1168 
1177 
1156 
1124 
1123 
1118 
1130 
11192 


1183 
1099 
1156 
1070 


1038 


NSE EA AINIICL iic5. so xjerews ww cee ok 1180 
SS ee 1079, 1096 
PRIM ao wcinaia sivwwnin oD Pees nteeade 1102 
NL SL OAMOIIT ON. 65 vase win eS lesen week 1068 
ES a naeenens S27) Seo gtr 1116 
Ritazawa, Yoshiaki ................:. 1155, 1156 
ER Os aie oie wasn a «Ee 1056, 1199 
MENT RE. din icinsetiain maka tees ~ Ohat oe 1036 
ROI Ss 6 oon wee SEL 1142, 1182 
Bayomoto, Masato ............66..5.. 1068, 1082 
Kobayashi, Hideshi ............ 1170, 1179, 1185 
Bevasms Ken-ichiro. .....(60 000.6. .e cee’ 1139 
Eh ee he Sr 1178 
Kobayashi, Makoto .................. 1039, 1053 
ees: aoe See 1132 
DEEL HALOTE§ wv. -n nica G4 DULUAR 1068, 1072 
UE <a ee Soe eae eo 1053 
Geaavasm, Takanori ...........0/.... 1122, 1198 
II MCSIAE, ois asian wk ered ei eae cle LU 1068 
NN A CANMIIND «na as x ewe SUTURE 1195 
2 = a ee See Oe 1167 
EIEN os gs iow MORN Ws BI 1177 
Sc eo A 1171 
NE aa eae ee 1097 
EIEIO ous x, DELI NOR 1186 
LE ep 5 CS 2 ee ree 1184 
MEE PAE OF in cin wk wn SM ES 1131 
AE ocean we Maplerd, 1180 
Kohama, Kazuhiro ................... 143T,- 1136 
MOD, cis ceriwenvnwew then nce 1106 
EMO Sosa ews eww een ee 1194 
IMIR ARIIEN od. cic oe SIL ES 1118 
SENSO ct SERS PS 1171 
TE ae ee es aa ae 1034 
oo ET 1 1084, 1098 
2 ne rahe ge 1032 
EE EMGMES SC. oven ceveeses SOW ee de ot 1034 
ne MAMORU (FASS VEE SEY. Cases 1138 
NINE FERMEAD SNe cc cuicw ven ve vie ds Sh 1038, 1109 
EES, 5 cn ociins opcerwnsncn tides 1195 
AOR CIOUYE. 5. oe ook view SAINI as 1083 
2 ree i Bie 1114 
MENU IEAMEOMAIIEINS, iso .c vin'ainin view vo SOC TELS A aie 1121 
AINE 6 5 icuik von wie vin adie ns 4ud BRR 1158 
MEL SIG bts devs cchweAs seems. 1049 
LS <a ss [stress ee 1172 
EM EDO sn Ginnie nine tle ebad Ben ot CEUs 1035 
NE IME a swe devon s stun leBbaeueSint 1049 


PML SURE tout ca ot nx ss RRM: hoe 1111 
BeeHUO, OSIMBIRO: say s655 <0 ETRE cides 1141 
PPOs CY ASUMINES. 6 paces .0s ere, hes 1171 
BSHiShiy MaAU Ge. soe cose. GAREUIA cee 1122 
Se €or  e e oh  e oe 1197 
Rene es awa ea ne MIMO Med: WME 1107 
CO Te or) | Oe ee eee 1095 
Beale MOSHERCAAU B05 oi iclat arp vaie Si oulelawdlafe § 1187 
COS TUDE REE Se 11 | 0 0 co 1074 
SoC aes TE) C2 a ro a 1157, 1200 
EMIS UNTIL S ACHP oni ciet ec: teclon oct unt wien’ 1186 
BSS SRA lie APU IIE RN cht creas ste Ost ole’ hat xc wis wt erarehs 1124 
Crip Cay LVL C) of) Oe eee eee 1069 
Feiner MaUMCEIE Ly oireiaaiunn beet ats 1126 
BERR ON ASUMA OE, oo is sctcraicl sins sur Pe woul elutes 1093 
Riya, PAIPOMMICI 6506: es on ieee edo Ak 1161 
eee NAGIIKOW S255 hive LE BA 119] 
POG ytd NY COTAITIICHADG &  -s:diveiciclaiy's's sc Ae 6 VB L199 
USOT ELS Oe 22001) ne einen et cs eae 1131 
PRTG eG thai, 5 ck ee rani ..84 1096 
BUI OKAWa y KADER i. ses os es tetersiar evra 1065, 1177 
BVO EMTOSMIAY Soe sic ee SAREE 11S, 1116 
Faraota VEMNG! os nae eke ee 1038, 1039 
COEOLCR AS OTT) 0 i a Sree ge 1174 
HCC it at) A a nN oe Pe eee 1184 
HMO ASRIP CHAR 25.) uses PRE «ts 1079 
Eta ISUNIGO? sini, aoe. 8 in ae eS 1112 
BRAGA GI Lehn enue o HRN etl es 1154 
Pita OSmiyasl bo) ho... c. Pe. 2s 1094 
Bees OSI) i was te AA RE 1074 
DOMAINS TIS wn one > vin ss PATRIA RATES 1082 
Riis VARCTCIY, .a55 0.0. Gian deat 1043 
PSD, SURE he oss oss heb eel 1135 
PainstaRIVONODE 5 25s... eivloiieads eb 1144 
MAMaa as ASV URL: isn acs anes eos Bk 1126 
SaRGiA tees UMN SUG ce is co a's tee Wee 1126 
Pee e ee CANEAY Big sks as os pease eS Ed 1135 
Wea EIEIO. uc s’s exis s OSA SOE 1097 
I adSAAEE |). weed ssa celia Mes eee 1129 
POA) HCL Slavs Rika sctanstaves ae o 1143 
Remiasew et WASSER © osc e esis sR es 1103 
Rn ABSARA, So san isa sk we SOA |. 1194 
Beets AZURE: 4 os xb heeds SIRAG ws i. 1185 
Ret WIRE OMIIN ES oon oct cd Stews: . 1050 
RusneADE.: PAKCHIFO’ sisi cesecdkeei.. . 1082 
SRE HOG ) VASBUM cs scccvwasdetons.. i RRS 
Bas, KRGTMCA 6 ccs cdl asliue. MIZE 


i So Gee os ee 1047 


1214 


Kusumoto, Naoko). ..... ceca scence acon 1182 
Kusunoki. Shinichirou:, .<..<... essen ee 1056 
Kuwacaki Demmi, ..<<.c ges custeete ok 1168 
Kuwasawa; Kiyoaki. .2.5..s0sc.. See 1042, 1043 
Kwon Osy Us aes ccc ox tov den ck epee 1149 
Kyozuka, Keiehino. .k secu nese 1094, 1098 
L 
Ba We oc itew vi bo en Se oie ee 1090 
M 

Mabuchi; Issei ...@8...... LOS6 MAS S27 

1138, 1174 
Miichidas Wakes sec. < sacas ees Aa 1174 
Machiyama,; Btsuko ...5... 232 89 1038, 1109 
Maedas Nobuakiis.oc..c0c.. dea ee IU 
Maedar Shihoko:« .xicnccncads de eee 1028 
Makabe, iKazulhino)W.. <2... ....: 1081, 1082, 1104 

1122, 1194 
Makabe UK AWOKO essen cach code Oo ee 1184 
Makino MROZO¥e 20.5006 scenes ee eno 1121 
Makino, Naoyatkt....ceccke see: 1073, 1108, 1163 
Kakioka;, Mloshika .....0.ccn.ccencec dee A 1196 
Mamiya,. Yoshitakay ... 206.0. a0 Meena 1181 
Kanabe. tadashi: ...406 6 oe 1129, 1130 
ManuyamaylitOkO) c.cn cen <.cku cre eee 1096 
Mannyaman Kazunori. ..<... och ee eee 1180 
Manuyanrasikoscaky 23.2. ee. eae 1129, 1130 
Manuyamia, Osamu 2c. c00..0b inc Mee oe 1167 
Maruyama, Tadashi, 2.2... ... eto. ateeee 1145 
Manuyamayatsuyd. 2c a..c. eee INCOR 
Masuda, KensichitOr..20.....0cthe reer 1145 
Masuda. Satottiescctnntencand dee eer eee 1194 
Wasuda. Yoshiki: acc cet eeeecneeee ee 1200 
Masini: Tohniisce Sei condec oceans 1119 
Masumoto; Makiimil, ooucnan sion Seo ae 1181 
NiasnyamayVouichi,.. .24.22-. ae ee 1087 
Miataki- SHINO: . J decwcndchanecceva sen Mae 1147 
Matranga; Valenia..2:..c:d.esccs Ree ee 1084 
Matsubara, Kaoru . 2 2. oscikbucion eee ee 1038 
MiartsudasGaku) . ..06.2..15. Bene 1100 
Matsuda, Kouhei ........ 1066, 1168, 1169, 1176 
MatsudayMotoko:...... 52.2. oaeee oe 1119 
Matsuda aRyoich. «5 o022.2c. 2. Seer ator 1104 
Matsutujia Mitsanori:.-.\:..2.2c.0ceeeer. ee 1182 


Matsugo,(Setichites;.A.c25 7. 252... eGlee ae tS) 


Matsui; Masafumi: ........+., . eee 1193 
Matsumasa, Masatoshi ..................... 1162 
Matsumoto; Akira’: : ... 0.0.00... 48 1170 
Matsumoto;,Akira. ..:..... tlhe eee 1109 
Matsumoto, Jirov;.24........0.+ «+ eee 1081 
Matsumoto, Kiyoshi ....:... 2: seen bliss 
Matsumoto, Masami .......:....))800seeeee 1064 
Matsumoto, Midom .......-...-) eee 1194 
Matsumoto, Shinichirou.........) eee 1109 
Matsumura, Akiyoshi .....-.. jesse 1156 
Matsumura, Fumio .......... 22a eeeeeeee 1132 
Matsumura, Kiyotaka ...................... 1095 
Matsuno, Akira:s.........0.... 03a 1129 
Matsuno; ‘Akira: 2.0. .:...... 6500 1057 
Matsuoka, Ariki .............. GRRE eae 1134 
Matsuoka, Norimasa ............ceeeeeeeeee 1196 
Matsusaka, Tadao ........../0¢23 eee 1153 
Matsushima, Nami, ......... 6232383 oeeeee 1182 
Matsushita, Atsuko ...........¢633e) o=eeee 1029 
Matsushita, Susumu .).....).- seen 1100 
Matsuzaki, Osamu ............ .Eeseeeee eee 1154 
Matsuzaki, Takashi ............. seem eee 1126 
Mazaki,, Yuichi. .......0:.. 00. 00 1065 
Michibata, Hitoshi. ........... 9 2=eeeeeee 1052 
Michinomae, Masanao ............... 1036, 1038 
Mikami-Takel, Kaori ...........2:03-55eene 1102 
Mikamo, Kazuya:.... 2.22.0... «2 eee IVS) 
Mika, Watard ssc. 600 ...... <2... eee 1038 
Miki-Noumura, Taiko ................ 1062, 1138 
Mimori, Yuko... ...3..002..5... eee 1062 
Mimura, Shunji... ......+ce..02 oe eee 1140 
Minakata, Eiiroyuki ............ eee 1039 
Minamikawa, Shingo. .....->..4--eeeeeeeaeae 1059 
Minesaki, Yoshiaki ............ 23 3==eeeeee 1189 
Minobe; Sumiko ............. . 2 3eeeeeeeeee 1118 
Mita; Masatoshil ....... 6200000008 eae 1110, 1167 
Mitanw, Tasukw |... .......0.0 6.0. See 1067 
Mitaunaga-Nakatsubo, Keiko .............. 1086 
Mitsuig( Manon. cco cc de os ee 1160 
Miata KUO.2 4.0.3 saeodbe coos ek ee SOR 11D ies 
Miura; Katsuhirow icc... :....8 ieee 1183 
Miuras Keni cic acti. cc. cwnine don dee 1146 
Miura; Tsuyoshi a.............<. . eens 1040 
Miwa s ISOJUS occ ea catia Gecuewe oe po ee 1057 
Miya, Yasuhiko: 2.20 .6c08 econ econ eee 1197 
Miyakawas,Momoko) ¢.22-... 4.0) aeeen eee 1050 
Miyamoto, akemonie-as-soee soa c eee 1047 
Miyashita;: Yoko, 2. ce. coors aces eee ee 1056 


ICIS’ DA ABIILO 44.3 nc anim onine > 3 OORKe ae 
eS EUS fe A ee eee eee cP 
DRO MINOT OD 5 6.5 sae meen nid ds hl sate dain Os 
I CISTRINID oo ing scx ews o wispcrnth ode ch «bios 
EME MRIED 04 a5 awn SeiiaeR teh ~ Seeiues 
PR RAAPANND oo os ewe ecw teach. 8! 


OS rr 1047, 


ETSPLIIRO. «oe dcmncs wcacaceweaunnet 
ES a 
REIS ro oe cw eiidax deeds 


Seca OSDINITO .... .. 5... RS 1060, 
Ee eee 1137; 


NS eee ts vee Cn ee a 


IN occ cn owen de cn Shaklee 1184, 


EIS ice ahah wine's a's ane ae 
MME os ins canis nes ade SORE den 
ET a ee rae 
MIMI cn 5. cine Kinin ninns 0 edb ok 


Morisawa, Masaaki ...... 1058, 1064, 1093, 


I OHEIRARC ED, oo oc con wa wo wc Ekle on 
OS eS re a 


ES aS a a 1029, 


RN an nica vnc as wna s MOST AL 4 


er ee 1056, 


EN er ee 
Ee atleast oy 


Notobayashi, Yumiko ................ 1075, 


RE IESTNO) on ccc unin e oe ents valitiayvet 
a EEREST Diode oie ecw a al SEMIN 


= Es re ee 1038, 


MRT ER NTE oi. aca ope tw ia cere © RR eS 
MEENENE EL 5s skin rin einrasn cans Op hoe ddl 
TE CECE re one 


Murakami, Ryutaro ............ 1109, 1150, 


EEA RNE TIENEN ios iainseincore c Abwhed Skate | aiaht 
EM ARMOIRE 6 5 na.sieie.a.ikev'e « 0 CRED OER CdS 
EO ne a eer mee tS 
ENN 055 kis ntaveroncia nisisicve. pkcs ELEM OA 
MERRY. cc csi cconciviein. species tI Vos 
ER AIE siisoicicisradien vvineing LARD ERK 


MMM cS shies mye id enon oh REE 
Nagahama, Yoshitaka .... 


ES | nes © Far mee ee 
EUR icin nan ccisnaaies i siete ce «NT 


1070, 1071, 1111, 
1152, 1173, 


1053 
LO85 
1053 
1108 
1061 
1160 
1098 
1185 
1066 
1053 
1161 
1147 
1137 
1064 
1121 
1030 
1091 
1057 
1193 
1088 
1132 
1058 
1141 
1039 
1097 
1123 
1070 
1162 
1176 


1041 
1112 
1177 


1215 
DIIRY OSU AGE hice. wick ns han wage snrie 1200 
Dee RRND os ae. sk Cs win CGR we 1157 
BP OIST ALTOS nas cia «hs ie SBOE | wed 1054 
PAPI ATIO MNT ASAUOSIEs 6 oo 6a cos ccs gate ws Bove 1167 
LAS 2) US eee ee ee 1128 
INBBROKASSUMMRATY cc. 2. doin UN 1142 
I ASSWaK TITOOMCH so. ov ec we dest sn yys 1180 
RIP ASAW he TITOSOD 5 ood iu'sc'ss cue KAN hes 1184 
NB RSHIMA GE RIEKO 6 coos cs. = cam Tian 1029 
La ROUT oon d occas ens «ates hatte 1175 
EHS EI OTUI co. ss ws ss cae menus oy 1033 
DMRS A OSIMDATAL dae ess (ctelaon, ceo cee es ore 1143 
apayaniad, DOSMIKG 0.560 ks ss ajen 1044, 1045 
PiceeO SA NOUIEKO Mayenne Oxciice ce css Baap Ns 1178 
InpMO Re ONIIO cece ts ace Menus ht edule ob <e 1048 
INarOnE IY Waka 6 och .u visit pd etreee bee 1061 
Nakabayasniy Pakeshl s. cis. <. chindiadethss oe 1036 
Nakagawa, Hiroyuki .... 2.1.06. 6.59 1130, 1131 
Inamaerwa. MaSashe yc os ye. csc eit se 1033 
Piemeaca way Masanori «53.43 ty ss kere 6 1146 
IakmeaWari DAKANAO 6... o6c sic ga ees es sramitecde 1032 
BiaaOSbi, MOLOKO: 3 06s es. oophederes 1124, 1183 
PA, WASUINICSH fe ces ts Padetad nexbipive 1178 
NeMa {iid ICCISUKC 0c. ss. on esis s nyt 1177 
Nakapiiar WanGhino «66. 0. ca sa es ee iedsends. 1169 
RARE NOOO. Vcr ae Sens Vo ee tbh. a 1083 
Peta igh PAI So She's oe a vies sn SY ee 1094, 1122 
IARI AKITA: oo os as ss updates 1099, 1125 
Pe EANeCOAN Rl ANTI ol ca 2 neti 5 « ge BIR s cca Ms 1148 
akan. TOAKA ©... 66. c ec etiam 1063, 1074 
PAAR IED oc Sos sles vss eed prgtiele ammo pte 1131 
Nakamia, Ken-ichi..%.... 2. « 2«.6e sh 1136, 1137 
Nakanmnira; Masahisa ..........sijs«08 1066, 1116 
RS ARALIS A IVACSALO ooo y sx 50's  ss0is « shaver ede xfs 1188 
2 OM AS ee ere re eee eee 1072 
PAIOLAVZUNO | 2... sus ace Rie BA Sa 1081 
PSR AUIT ey INAOMITO: 6 ov s aise Vabigpa hhom wee 1086 
PRAM AMIPAy SALOSIL ..... 6650 ese «sv rebelde tes 1072 
AGE 1 Bie] 12 ne eee ah ae 1190 
SRA AMUTE SDOBO 0 «5 65,500 5.0.00 <a henge 1084, 1098 
DERAGIULA SUDO i5,.-.. 5. +> nbeeeemiNee obi « 1174 
Mekaiiura; VaGasih «oss ssscreescxcaveeal +e 1048 
MAMAMUTAs, PAKAGON 3s o..revcce ciliaris yo o>» 1091 
PAR AIICA, FOSMIBICO oc oie vias ond Bis pos - . 1051 
PAGE ARNOT, YORRIEG soc osc wt cc noble kes + 1060 
po 2 a o/s ee 2 pe ee .. 1084 
PORBRD, TAKAGI. 3:5 /0.0 exces ys Isher ao A 
Nakano, Tomoya ............... aw ehh 


1216 


Nakashima, Enjte:tcss2212saages oa eee 1038 
Nakashima Seikorweniy scacanagaan een 1078 
Nakasone*: Kunithitom. cies ee eee 1159 
Nakata» :Atswovneit ies.) senna eee IL 
Nakatani: Isamiurase os ss echacSecnc sce ee 1189 
Nakato; (Elinoshieseacacd isn Eee ae 1142 
Nakatsuji,, Nono' <7 .4203 ¢o0. ee ee 1067 
Nakaucht Yumi: sess05 bosen5 ee eee 1129 
Nakazawa: ohn’ ¢vs24 e040 ee eee JUS} 
Namiba-tHisdakie:.. 2020283000008 eee eee 1044 
Namba; Shigemitsu «<.2.242 20:7. eee eee 1194 
Nambu -Zit:s és20 sec20e3se Bee 1075 
NamirkrHide@rs.4 55424 ereos oe LOSO; MGM 
Narita, (Kanya vcs enn cane cn eeeneee 1036 
Naruse; Kiyoshir:¢:s2tegsace08 «044. Se 1127 
Natsume; Tsugitakan.sas.she5504. ee 1087 
NawatasMichellei@s. 4.5540 eee 1195 
NefisAntorW ais s.c.s5N5 00522) EES ee 1089 
Negishi, Korokitirs sais .3 350 5 ees oe 1031 
Neoishi, Sumikoiy i.02.c62 Ae ae eee 1183 
Neth Hazonistncsshcgncsss en eee eee 1173 
Nemoto Shinticht 43:4.0.40.44 2 ee eee 1098 
Nihonmatsusltsuko: .2<4e eee ee 1118 
NinomiyanKy Oko): .5.mscnce ee oe ee INS 
INishis Elaruhisaes. cee ake 1054, 1055, 1057 
Nishida’ Airokitehen:cnsceen dee ee Aachen 1082 
Nishigucht sao) 2p eects seers aoe 1069 
Nishikataylakashiton.».22nAcck to cee 1052 
Nishikawa? Shuyiiterensncnnnnnues deaeee ee oe 1183 
Nishikawa; Sumiowkc.\s.2. eee See 1076 
Nishikaway deriakt":cn32n6cclen eeeee 1194 
Nishimunaz Mikiot the. ciicon te eiaee eerie 1035 
Nishimurnay Nempityeneeanks eae 1099, 1125 
Nishino: /Auroshit 9.40 Se ee 1040 
Nishioka) (MidOnts.).55.)¢cnenoe IAAL, AS), TU} 
Nishiras Moritakawrncic-rir eee 1188 
Nishizuka:!Masako:nsci10eecn ee ee ILI 
Noda: Kouichi tsi)... ee ee 1067 
INoda: “Yoshio (Dacre eae 1093, 1099 
Noguchi: Motoko: -1.:)-c9rsioue ee oe 1067, 1068 
Noguehr Munenont?....cct...0) eee 1062 
Noharalsag: i053) wiecroteand ee eee 1192 
Nomoto; Kyosuke: «9.42.42. 20 eS eee 1039 
Nontotos.Shigekt..:0.<72250: Bee eee 1046 
Nomura) dohjis ec000s554 ee eee 1080 
Nonomuras Voshiakt :..2.:3 04.0940. ae 1130 
Nonoyamiaivosht 4202341220 en ee ee 1103 
Nosaka::Naolhitsdies x2 0055 5 fata de ee ee 1146 


Nowika;, Yumi (0s occcd eas oe 1132 
Noumura, Tetsuo ........ 1101) 1167 Ase 
Nukada; Yoshiyuki ......:4...2.0: 29ee eee 1159 
Numachiikenichitcc.....4 eee 1122, 1198 
Numakunai, Takaharu ............... 1110, 1122 
Numata; Elidehanwo). ...1... 0. cee 1146, 1188 
Numata; Osamu 22). 6.00) .0..d eee 1135 
O 
Oamil, Kazunoris io ccc, co Se 1061 
Obinata, Aw. 2. Pie ads oh cect 1102 
@binatay Vakashiy 525.22 1104, 1128, 1159 
Ochiai; Takehiko |. ...55.5..... 0.04 ..42 eee 1134 
Oda, SHOJI... ii. bcc ieee oe 1059 
Ogawa, Hiroto .i02.. 0.0... oe 1041 
Ogawa, Kazuoiiw). .........0.4. ee eee 1137 
Ogawa, Koichi oi $50.05. 0,..1 2 ace WS 7 
Ogawa, Mizuho .22))). 0... ae YS) 
Osinoy Kimihiro ).: ........2.3..... 4a eee 1149 
OBISOS YUPIE§ 62.00 ec leeeveie cusneie se 1069 
Ogren, "Robert Ea. ..3 o.0.0 eee 1200 
Opuchi, Atsuko: «00.600... ten cor eee 1167 
Ogural Kenichi jo... 0 odes ke 1200 
Oguro;Chitanuc iio 2.04505 1169, 1195 
Ohara, Hiroshi o.66.0 8.0 nc ccc eee 1159 
OhashitiWazuyoir. nnccenecnatoe 1129, 1130, 1131 
Ohashi, Shinichi. |.....06.:.....5...0 0 eee 1138 
Ohba, Nobuyoshi. . 0.....,....2....02 S3e eee 97 
Olley YOSHINIE, 4... :.:e ose o se cent 1147 
Ohkubo, Yasushi oi... occ. coco so0 See 1105 
Ohnishi ssEayi M424. 6 idvccsoec aides eee 1144, 1145 
Ohnishi, Ken, 0.60008 100... dee 1035 
Ohno, Tadao’ 2. 6 vaescenc ccc. ee 1135 
Ohoka; Tadakazu. 2.0.5.0... 2 ee 1166 
Ohsugiy KOjUme o..3( bison. oes ee 1102, 1103 
Ohstumi, Keita o..5 usicsseesteeke ht ae 1113, 1114 
Ohta, Kumihiro: .0.0005...9.00nk. 1132 
Ohita,, NaOshitt -c.ccciseoce cise fe 1185 
Ohta, Tadayuk 93.0.2... ccc 4.1 a2 oe 1064 
Ohtaa Yasuhiko ijt pcias ee 1164, 1185 
Oide SMOMOKO roi) 65 5 & cavalo Ae 1141 
Oikawa.) Tanaka .cc)c)a0 ote 1078, 1094 
Oishi, NODOLU. osccoc es hess cada eee 1058 
Oishi Tadashi, 4014... RAR 1037, 1190 
Oiwax Kaz whigore 66s walon eed au ee 1058 
Ohtaka,Chiaks o.4 Wis oss. 0015 eee 1148 


OhtakesiShim=lchik yy. 774213 oe 1051, 1138 


PEPERAT CPCITSUIYAN Gs si sie eines s eaniets2 1108, 1181 
Giiani-Kancko, Ritsuko ............00.4.4' 1175 
MN AASIEIMN G8 o.ciniaic cnc. scctd td eodake.ok 1190 
ARE TN eR OL 1165 
A IURTSIAE 66a eins siesura sk RAE LOP EDL ok 1129 
IME TIPYA Ss. win iccnnnne ldeelduas sue 1030 
EE OSES Ce oe 1029 
IMIS ALIS oicice cows Woaeetee el. Ate 1101 
avamia, YOshikuni ..............0055 1198, 1199 
EINER irae cinin cctcadsiecae sXe 1114, 1115 
MIME Da sides sy uray ereisiciernincn Gon ates old al yi 1179 
re ee Se 1045, 1178 
NM VASURICD 2... oe 1068, 1109 
MIN isc are ialore tre sai viern sores hea 1067 
NERA ie Gin cost a wtinciains. teas wt 1040 
SS) 5 ee 1044 
SS eee Son ie he ee 1047 
NS Eee ot La eee k 1141 
0 ee i ee 1164, 1165 
See SINAOMICH. .. 0.060. . 10 Uk 1066 
NMEA OL das EL ES 1175 
Os a tee ame See 1111 
IIE, io bs :ccccciwnnict ba es.od 1175 
Sg ee er ee 1034 
IEEINIE WES. cece LL. 1170 
SEIT inves etretinws 8 eae e Gil 1143 
PNUD iirc ee weenie vwewetrlees 1199, 1200 
a 1066, 1116 
MIRIINLY 655 cns cine s| serena ore ein did eine acs wos 1186 
0 oe 1059, 1136, 1137 
Eo | 1105, 1111, 1114 
EE EANESGAN ica wc iediererenin ble phe ork bn! s 1191 
Okuyama, Masahiro ................. 1081, 1087 
MLAS isthe rarest /orureredva inne MI ea dth 1132 
i AIMAN PUES. suc tinienin idee USN dade 1096 
Onitake, Kazuo .......... 1064, 1065, 1078, 1096 
IERIE ing chursisrsiresvernraionictd SEU rent 1077 
Lp EE ee ay Sop oo 7a eT 1128 
I ae eT toe Le Seer hs 1147 
RE NMI 55 os co erurelorcia ee one LOCO deL dit 1075 
RIES cic ececterniartoren w AOL o SSL 1133 
SIE, PRUBRUEEO, soe oie view -vinrove SUSE RELL 2b 1117 
SE AMEE NS coc lorsiainerenvern SOG UE Ese sickS 1174 
ASEAN EU Bio rictnDiererirern vin SORIA f oslo 1064 
IDO SADAKO. occ cis cn bb se bbee ot 1037 
RPMI EN. wine tiaeser etic nat cots 1111 
LE OS rn Pe i Me oe 1061 
MCNEIL GPERTEENY a hercitdia-iiiw'ernietnen SOIL Lo he NY Sis 1111 


RRMA AL OSHITOS oa. ciciaweginen ch Sek 1157 
CURRAN AICI TIITAPOE oe ciate oops a 4s w asinins sce ER ALR wk L073 
Osada, Masanori......... 1082, 1098, 1110, 1111 
Read AE MAITOT ADE PW wd ccs ois. vin erscarelg Ride a Bikey 1142 
SAREE, SUAS, Bic csapteasraisbaracsiviaisners shdbtiRnen fides 1097 
OUSHrr PNOTIKO Rs 6 sicccs se sisiscwseies 1054, 1055, 1057 
PSTD SATO CTUIDL iss 'scpinhncnicbrndidceiny CM EMREAN, AN 1066 
MURS EUNI Ig MAA SIRE i pase occ sce oi asoca wor SME STEER be a Fn 1126 
J Ke nic be! AG) LS 0) ee en et Ce oP 1143 
O10) eGo) 21) (a 1033, 1035, 1046 
pe Vie KO: sass Seveisoay ators RISO IY 1033, 1046 
RPA AACIE YAS TANIAIE OO, «5555 isvisnsvsr ERTIES v Su 1076 
P 
PA MLV A UT DEIEND ols, cic) siufures ocovaialeld 6 06s OROEIRR TE 0d 1174 
R 
PAS ON ISM Bc uanct scl pinarcerwiep ein HARARE 58 1134 
BRO AieANl AV TAS ASEM ps. cncivincoyp erasecons SRV DIAO ENS «3 1089 
S 
SSA ARGATAG Ma NOTED AKANE: 0. aroievncciinimrararns vlna it Ne are 1113 
ae USAL SAILOMAONS 5 Lalo siecinss Wes Ls eR 1180 
Se Ee G1) 6: Ne en ie er 1102 
ia, AMOK, i ou ie islands s cs ROAM SS 1064 
SEE SP iSe Te ee en a ne ee re 1180 
SOSA VICSAVUIKG a cioic ion igo coaic.s lvcls bie Deel 1190 
FOAM McA A ERT NAID ZA ReLI Fe US cy eescn sks vcs wns BDA 1114 
POAT SAD Bete WAN gas istic eye's »\eis.prein altel 1159 
sie) es BE 2111 <6 a cen Foray Pat oe 1031 
CoC ELT 6) i a se oF 1106, 1194 
SAN ER DIN IUD AMIE cota ceseii ne ced otnralnpni osha ie USER? 1098 
Sekt eG CL ne Ce cE ey. ps ae P 1104 
Slee ET) Oe |) a eine) 2 taps) ay Be 1109 
ot ec ell & Tt (2) 0d re oem es PUY E Ta yl 1031 
Pa R AT TV ACMIC OVERS. 2 io oars turo ce. teln dln mca GR 1168 
TASCA NAA AS de ooo nic see vesrdnw od Rs» 1040 
SAE INOTIVOSIL, Oi ccceseiwieoisroie sacs sion oll OM Ui Os A Os 
OSES L315) Girne weet sAROIGLL.e. 1094 
Seber Heras, MATSUI oo aso pecsae SaaS 1126, 1193 
SAMMMAGVHER, SMURDET ) 6. si nwsaits wesrnns oo. 1169 
MAIO; PESTER, oi spcoitineie.s Tid ald >. 1037 
SHAIMOLO, SHIRODU! 2... vc nsesoeusioce vbthes's 1184 
DAKAMOIO, PASUYA...0cccsedericdess. i DEV 
SOELRMCANE ES ML AN UID. ceca ts wiiriotpynjereno: saith 1116 


1218 


Sakata) Mariko: Fak. iciccicc ase ree oe 1039 
Sakatai Susumiul tick crows eoecene camer eee 1051 
Sak atopy MitsiOecoeels oo sd oe ne ee yey 
Sakayoris Masato vr. dic exsencs .<o) See 1033 
Sakudas- YOSRIMI cos 00rd. ei Ae 1099 
Sakinate SHOE . sv eee eee cues eee 1108, 1181 
Sakuirait SUSUMU 2: s¢6¢cck Soon oa See 1193 
Sakuraty Takashige: 25.067 56. cena ts Se 1071 
Sakurdoka, Jimtes..4 «cisco 4c ee 1077 
Saniaraweerde ke. <s6c Ae 1090 
Sameyumas Michikazu. «.c1cc6-<cs Se ee 1029 
Sameshima. Munefumill ...c.0.<. sete oe 1089 
Sankai, Tadashis eicc: escies at ee ee eee 1165 
Sano, Yumiko: <. Ress x: 1038, 1109, 1118, 1189 
SAOlOMETNVOKO 4545.5 cose Seen 3 ee 1123 
Sasaki/ PuMIC 45S. s0 044 ee seceeeie eee 1076 
Sasaki idetsuettia< +. ssedsennue sae we ee eee 1053 
Sasaki AirOshics.<%,.as ste sus sae oe 1103 
Sasaki. PlmOshitt s< ¢se.cccnicc Marthe ee Mee eee 1075 
Sasaki. MaSator 4 cnandas code nee oe eee 1147 
Sasaki MOtokOs «seeds cee cn eee ee ee 1037 
Sdsaka* INGOs « .diaecn ea eeer cee 1090 
Sasa ee eRe tS unio, costes sao «eee 1148 
SaSAKIY MEtSU OM cic. Hoenn ee 1147 
Sasaki unis s canck chalantin ce eee ee 1163 
SasayamavVaicht ...c.ce2. 442k Beene 1169 
Sato Eiji RA eM pomesker eee eee 1090 
Sato; Hid emit. 44 makin cee GREER IES) 
SatoOman akOses acnncwksaacenracaveen 1118, 1189 
SAO MalSUyUkil, 2 ..n.cn 46 veda ore ee see 1151 
Sato} iNOichri eee ...cecuncacecie chee ee 1058 
Sato HKG Ge eiehiedsnnd is Stee ene eee 1159 
Sato SMOtOakits, Suc knwieucedenhowcs Ae 1045 
Sato vNonyukivn....<incotecents cee eee 1064 
Sato HOS AMM ei dec werd dloues.k. ceo EE: 1130 
Sato; LOmOnie hanna dicerk cece ae eee 1164 
Sato-/dhoshihiGens):.cend Acewucene eee 1047 
Sato; VASushil: <<niccasetuecevmneee ees 1197 
Sato; YukikOtewic tance cmaecmanuen sore: 1151 
SAtOl AKIVUKA, .cinnien oa nnwiawen a sate 1133 
Satoh HiSanOni ys 6 cnn shnceid.ocn ORE 1051 
Sarl WMV ASU. cccinuecneieen etek eee ae 1200 
SatohF NoOnvULL. .cncnceeenen 1052, 1081, 1082 

1104, 1194 
atoll POMIONN | oh ccna so toe 1164, 1185 
Sawada? (EGOS M Al.c nce nee ee 1143 
Sawada INaZUHIO. 62 cncceon eee ae 1184 
Sawada, INGniTASa> <2... 2 denn CORE: ee ates 


Sawadas WTaketoshi, «.....0.... 5.1 eRe 1062 
Sawaki)\ Keiko? .....4.4 60,008 J eee 1184 
Schartl, Manfred.: ............) >... ae 1126 
segawa,, Ryoko}. ....6:s008.0+ 0.5 oe: 1198 
Seidou; Masatsugu)...............2e eee 1036 
Seimiya, Makiko...........:.5:... hee 1187 
Seki; Tatsunofi .. .......s...s15- eee 1117 
Sekiguchi, TPatsuhikoy..->-4.0 eee 1047, 1053 
Sekinoy Yuuko. ....6 6.200505 00 1046 
Sekizawa, Aya. .........+..02. 2,0 1051 
Séko, Akira ci. ..60.% 0sse eee 1079 
Sendai, Yutaka .........::..5:...53eeeee 1095 
Senshu;) Tatsuo. ... 2.0 ....0.... ee GS 
Seo) Naomi ii... cock. ee ee eee 1163 
Sewell, Mary ........2..¢..5..00 1195 
Shiba, Tadayoshi ...........:. 2s 1049 
Schibata} Michio, ........«.20... 03 1166 
Shibata, Naoki .:.............. 4 1071 
Shibuya, Datsuaki -.......... . een 1042 
Shichida, Yoshinori, ........ . eee 1034 
Shigenakay Yoshinobu 22... eeeeeee 1NSOAS 1 
Shikamia, Keiji... <...< 2... 00008. Beee 1134, 1135 
Shima, Akihiro ..........:.0. 0a M27 
Shima, Toshio. ..........6 2. 0.004 e eee 1124 
Shimabukuro, Tomeoshi ....)=-3233:eeeeeeee 1200 
Shimada; Arata. ...........0c.0... 50 1114 
Shimada,‘Atsuko .............. -.seeeeeeae 127 
Shimadawiairakw 0p eee 1082, 1086, 1087, 1088 

122 
Shimada, Jchifo. .... 2.060600. 0000 eee 1189 
Shimada, Tatstlya..........+.. oda ep eeeeeee 1194 
Shimatani, Yuichi ............... 203—eeee ae 1031 
Shimizu, Akira ..................00.neeeee eee 1187 
Shimizussamu 5 50-55.-050-0 eee 1037, 1182 
Shimizu, Katsuhiko, ......... 5.) eee 1133 
Shimizu; Kiyoshi £2). ......-.. 2) see 1154 
Shimizu, Shunji. ...........0....0. eee 1045 
Shimizu, Vakahiko ................) eee 1075 
Shimizu; Takashi ..............2+.:00.8. eeeBeee 1138 
Shimizu; Takashi ..... .. 0. ... 002.0. eee 1114 
Shimizu; Takeshi .....5..60+ 000020008 1095 
Shimizu; @oshinobu ............ eee 1040 
Shimizu, Yasushi... ...........0...-0. eee 1126 
Shimoda, Yasushi .....0..0.......05.. eee 1096 
Shimoike; Kazuyuki ...<......... sates eee 1187 
Shimonishipeasutsugul >... pee ener 1034, 1094 
Shimouray Keiko} 3:03 ccc ceca. ee ee 1184 


Siimozawas AtSUmMM eee eee eee 1063, 1074, 1092 


PMMA AWA, WALCO? «0 a1 erarerarostan SAAN 1040, 1097 
NS 2 Ar 1121 
SENT LAN COSINMINSE Aa rarareinrais PAN ER a we 1094 
IER CHRSHENN) 52) 55h. ora neuia wrarcrcn CE es OR 1174 
SES a ee La 1146 
MOAI, LL AKAO! § wn ciccean ds teen 1033, 1074 
PEEL IMOUUYOSDI ». 2.0.00 eee oes 1119 
meemawa, Koichiro ............0.606. 1089, 1100 
ET 1068, 1082, 1110 
Se NMMNREED cc5c 8 ars otistaresarnrs URE ME On ae 1175 
SE re 1050 
ENED F524 rsa rarasvbcrasarernrarn ERs SY 1046 
1 i 1154 
IMD 5 cia csrcraiaresdsernnninre SEE Sw kd 1108 
SS ee re 1073 
TERN 2S harcrarnttwinreriiocaniny «tebe dat wi ghd 1094 
EEE MIO Fs iararererc EEA 1 OU Oe 1199 
Shishikura, Fumio ............. 1051, 1196, 1138 
MINNIE E55 forcsctch ocd mtereraracasarersierars VERE MAM 1116 
STs ES oe a 1142 
eS 01) rr ce 1096 
EERE Featcie en ereieswrarrerare GMa alee 1123 
NTS | ne aes 1153 
IIR Lass Suyoc-eraieiervierineraracess Moa E ane 1089 
0 TS 9 re eed ee See 1181 
«ee re see 1057 
IIE Sesser acacia uinretata avarnreierwnararens Poa 1070 
MS wratitectr cee ady SSL AA wel 1189 
0 a ee i Seen er 1143 
MEINE scr arniarecemicersien SOON Pilla al ve Ba 
IES RAS costa eviaccicre SERVOS 2. be 1040 
ME MERME RSI ose peacareianaivrecs wld SEP faa! ave 1065 
EMER IG aca ahatiiere arr area ELE Bea 1058 
ARAN i vevibis- sie naiwervienisrs SGE IS Bye 1042 
Sugimoto, Masazumi ................. 1055, 1057 
EE MNNERIRINL fate ore orctciahy a wiatdinreeie SPOS 9 oe Bs 1091 
MINMEN crscornicreieivte nto sansicite’sre Hoes ins 1091 
RD URNU IN oe arseere-nintnirmerersa hee eal oes 1106 
NEMA TS i hsiains as crkgraiastineisraleoishtleo%e wd bid 1196 
ER RRMRANND Ss ccsrcictcrotshcerivsintinn's EMI a es. okt 1066 
RS MMNZRND, 5 Ackah ss stores 'alsuteve s MEROUES OA 1050 
TREES, PALEEO ete o pont eirecee' Me ORUE VOLE vintd eaehe 1153 
EE | MPAONIN IIRL ea aisinie-wiacoinn ATO LIsS wibewtels 1193 
AA, REEMIOI oii ciciwisiciois IDOI Ae nd CEE 1029 
MEUM ES ai ctnicrcreicn> An AUTRES a db ete's 1135 
ETL AAACN, oes. sricwnine Delete B¥ir's 1085, 1086 
suzaki, Toshinobu ............. 1150, 1151, 1160 
ER SOMITE is cnrisersivwisin mete ouiccs SMAU Es 1:3 1180 


PANS e ARTI UITINY 6 cis, < ocsn sage aon RE UR sg RR 1197 
SOPRA 2 PARGASIIN Coo sashysterain in anach RAM Y GR RR 1187 
REN TS ad USI We sein saysantsarisarnianvene SLA o ARE 1193 
PORE T ISALSEMIOLIME ispa.0 ss aigernince CUEDERG OE 1148 
PURAPMRS NETO) hers eisai iaceare neck oh Cie ieee 1177 
PRUCMIRDS VIAS ANAT, cosacapinsrarainararncsie CRlale dite wh REA 1124 
UPAUL PLASMIN Dy pcava icin ncstacisread i MEU de AERO 1143 
SLT AG C0 C61 ot Oe epee BE Pore 1199 
SEPA OINO DUD |. ciisid-aleseieason de bbl antidan, SUR 1169 
PUTA PATR GIN GOEIG Hei .0) sc -ageaseslgnavetasens LO8O, 1094, 1095 
SU ULTPOINTC(s (0 Oat ee enna coe OR AP 1048 
PSI PAERIMEIRCNE-O fie iciarortancensiene AUC bRee PLE Lys 
SSPAIRA ESS ALQE NL ces cinvarcrslois whure alle tdeale He x, MALS 1184 
PSIPAIKAE SEINTIEATOY ca savesasccsjaks Ghar AER EEE 1166 
PAPA AK SINR feo tei in'e iwsg-cusnie ARCANE hls wR 1167 
PRUNE EA RANE, 55h 5s casstsnschsiacd can ete AAT 1140 
SROMPAM LATEST iso. s:cinsole GLACE 2 RSET Pe 1033 
DUPUIRAOMIORIKO 2. (....<:e0seam ole ean 1134, 1141 
SEAT eS TES) oh. oer dined ancvvodeanare dim APR ad ES 1072 
BUM Ma Dad BRIDE Kars cra ses sass psd mate asd aR She OY 1056 
RIM ANGAY ES TUNES 2 Dp. ey is eietalon te ciienn ARIE NG ola Bul 1122 
. 
DAA Wa WAASATOMIO: cio). cccciey inte ofS 3 GS Lai72Z 
PAB GILE SOMIO RICO ss, ircsctcislvs elane eee GREER vin 1079 
MEIN ALANA MLA UCLIGA ways iectrovesoyesarorese covet DLE he w RHEL 1101 
(el Le et 2) 0 01 os LE MY 1199 
SRR A aN ANN USED we saya, Spereinysi-rn1cok LEME Ay CEES 1125 
Matt AUAGE, LRU cout jicice tll i OEE dan 1173 
SEERA AN Aas UAASEN choca pasalsie chcsoin: of AGA Mec TRUE 1090 
MANAG Ae pA URCATTIAAS EL 5,0) of Apsrscacsnnys ER SIRGIE SA 5.5tS OE 1119 
Se ley LI SELVA oooes cia Sivessisyecs MIRE wh Lie oe 1162 
Pam ERNE Geis Root iiire isle oievsis cine Shite Kru IRAE 1195 
Psa ak AR ASEIN ao ocy. Vsy niece exevsivivicin «DO AINE ee 1122 
MawaAC WAKES 6.05 0.-6 ses 1063, 1094, 1134, 1135 
MAMA PEOMIANOTON 5.5.00: 5:aru'e sveisigipe SRM ES 1152, 1187 
PR AeeeeRN ANNA SEINE, eu. ciovsecsinintervvpre. td Site g AI 1030 
Pakawashi, ARIVOS  ...::0.500 ese 1169, 1173 
PARAMASH EMEOVA «.sccisisnesiseeve cableag eyes 1093 
US CUES a! s 11 | er © oo 2: eae 1146 
MAAR ASO CISCMCIN cl i. n-eoignaicrnin SERUM pill os 1057 
Dee ET Oe @ ils an reer ee a 1047 
pl el | ene Ot a ae 1185 
Takahashi, Kyoh-Ichi .................. 1032 
Takahashi, Mayumi .................. 1101 
EE ET ae) C1: a a rr 1112 
SAAS PEKIO: Sis ocivinicioreasoiviece's 1045 


1220 


Takahashi, 
Takahashi, 
Takahashi, 
Takahashi, 
Takahashi, 
Takahashi, 
‘Rakahashie diadashicC... cco. Ree 
Takahashi 4 Vakayuki |... ..c.i..1.actseeeeeree 
Takahata, Masakazu 
PAKAIMEM TOWED wicisvs.-c6sscceioe oneness SO 
Makakin. (Gen i sheds sssitioccme See ee 
Takamura, Katsuji 
Takamatsu, Nobuhiko 
iakanashi>,Masaom@t «....6.:64).4%, See 
Pakano» KaZzunon<. 6. dsccueknko LU 
Takano, Kunihiko 
Takano-Ohmuro, Hiromi 
Takao, Toshifumi 
Takasaki, Hiroko 
Makase AMiIMORW 2 sucukciacdanewteee ee 
RakasueiisNoboOnw cc c.icictceue one 
Takata, Keisuke 
Takeda, Masatsune 
MakedatSatOsiitss ss.akeoe hate 
Takeda, Tomoko 
Makes VOSIMOW LE sslcccussslciaas SOO 
Takemasa, Tohru 
Takemoto, Kazuhisa 
Takenawa, Tadaomi 

Takeshima, Kazuhito 
Taketomi, Yoko 
Makeuchi- Hino aki, 3. iccucl ee: IO ee 
Takeuchis Kunmisulke seve SEO 
Takeuchi, Nobuo 
Takeuchi, Sakae 

Takeuchi, Shigeo 
(Rakeuchii akan. iencie 
Takeuchi, Toru 
Takimoto, Mayumi 
Tamaoki, Riye 

Tamori, Masaki 
Tamotsu, Satoshi 
AMIE A ICO UA pect odie oe OO 
Pamura Sachiko .c..cicsceinaaey eee 
PamMUEca, NONE! 5 seiucc 2 te ee 
Tanabe, Kazuyuki 
Tanabe, Mao 
Tanabe, Youko 


U1(eKe 1a le Feekeve deve ve) ee salesieme le! ef e)lele 


or OOO UMNO DOO OU OOo 


2 


eee eee eee eee eo ee eee 


eee eee ee ee ee ew ew 8 


eee eee ee ee ee ee ee ee ewe ew eo oe 


eee eee eee oe ee ee ew ew ee 


eee ee ee ee we ew we ew ee ee ew 8 


Ce 


i 


ee 


ee 


Cr 


ee 


Sh 6h SK a ewe 6) 6. \eKene oxel.ene) 0) 6).a) 0 jel s.Fe) 60 6 00 0) le le le 


SiG OO G48. 6 6) 6 6 6. 6)..0 016 © 6101 e161 8 16 9) 16:80 10) 6 


1029, 
1074, 
J), 


1185 


JES Il 


1101 
1121 


1064 


1030 
1103 
1200 
1052 


ManbasMichtko. ss. ..<c0.6 53.0.5. ee 1066 
Tanaka, Akira. on... cede. ee eee 1074 
Tanaka, Daisuke... .........5... .eeudes eee 1084 
Tanaka, Haruo. ..........ss...0 ee 1103 
Tanaka, Hiroshiv::.......:..:.40...4 eee 1134 
Tanaka, \Ki-ichiro ..............9s eee 1147 
Tanaka, Kousuke’ ... ................ 23s 1042 
Tanaka} Kunio..)24)..........5..4:3 eee 1051, 1138 
Tanaka, Satoshi .............0..5.....5 05 1091 
anakaryShigevasuteer eres 1168, 1169, 1185 
Tanaka, Shim <2: .....6.06¢ 00000000 1088 
Tanaka, Shoji s. ....c.06 cnn ee 1109 
Tanaka, Shoko ............. 2... see 1108 
Tanaka, Takeshi .....2..2...........::..ee 1072 
Tanaka, Minoru ................. 720850 eee 1173 
Tanaka, YasulhO; .,5,..:..05....25eee 1106, 1107 
Maneyamayakehiko 7-25...) eee 1062 
Tami, Masaki... 2......:....4.<.:... 2 eee 1043 
Tami, Naoko )2.6...5 accesses. ee 1185 
Tanimura, Tetichi:.................. eee 1109 
Pasaki, Kenro. cs)... 24a 1040 
Tashiro, Hideo .x......0.....0 eee 1033 
Tatano, Hiroto ...... ..............5... Joe eee 1146 
Tazaki, Kenfo. .....0.60.25000050 00 1039 
Mazawa, Eigoro snaci0t... 0. eee 1119, 1120 
Teeter, John Ay .....000.....,05.5. ee 1047 
Ves Hajime i828. -5..2 0.0% 43 cee ee 1118 
Telecky, Teresa M._ ...........).20).40eReeneee GS 
Merakado, Kiyoshi -....-. 2.7. eneenee 1059, 1179 
Terakita, Akihisa ..:................:.... eee 1033 
Terano, Yasuhiro... ......,......... cee eee 1043 
Terasaki, ASako® ..c.6.5..05..1..0 ee 1129, 1131 
Terauchi, Hiroko. .............5........4:eeeeee 1067 
Teri, Masami 0.0.6.6... 04..0.00 ee 1065 
Teshirogi;-Watatu................. gee 1072 
(hezukar YOkKOn + .i3,.cuncceedece eee 1174, 1179 
Titami, KOittiy iece ee sie nei esses ee 1143 
Tochinai, Shin) .i.0..5..0......0.. 20... eee 1077 
Mogashi,. Shimie s+). u:j.c0000.-0c cee eee 1118, 1189 
Togashi, Makiko .......20..::0:..05- -eeee SZ 
Toh; Yoshihiro .:........: ..........0.2.. ee 1036 
Tokumoto, Toshinobu’ .....2-..) eee 1112 
ihokumagahuniOn eee ee 1033, 1035, 1046 
Tokusumi, Yumiko. ............... ..03 332 eee MSZ 
PTokuyasu, Kiyoteru DV. c.....24c1. ee 1128 
Tominaga, Takashi: 4... teense eee 1061 
Tominor Shino ws he... Ee 1133, 1142 
Tronmnoy Ry OKOM aie. 6<cercccci 2 ee 1187 


amerial Rich OPEC IR oc otcse nn URNA 1037 
1 UES (2 a een ee 1127 
MR IEEES IVAASATIINO 1. (.'sta sian (cin wieiele ee eee 1133 
GSE | 1135 
BRRMODAGA, SUSUMU . 0.0.0.0... eee. 1051 
0) ee CTS: a 1116 
eS CST <a 1124 
IEEE ESIIGEEL (5! chin /a' ets A CVU We EN 1047 
SRENEMELS IVEASAT UL rs ecinrsic'e'e'e OU AR 1112 
EMER EERE Nar roieintns Sea es Care ity ee 1113 
Se TRENACHAL 95) fe's' ctu 'saial ater a'v'a VERO see SN 1161 
8 ee 1069 
ONE goes ne oes cee 1111 
METER Poser clits CREE OS ew aloe 1099 
Es ee cea 1169 
NRTA TALD: oie a ooo ciate sh ond cP i He LIES 1054 
upcemmida, Ghikashi .....0.... 00006. 1138 
Se NMEMIPAANEA Vcc carerinn sir s's ERIM IW TY J. 2 U8 1077 
RIIENOND 5) oo orcherwtcie se 4 OBOE AEM 1038 
memoamoto, Yoshiharu ...........05....000. 1134 
eet Sk OSHIKAZAL 20... IS od Os 1040 
ee MIVUKE SY. SO lee 1193 
ERED 0) ar cree OR LIS ANOS 1058 
CEIANY UE boos he re ore PALS ol 1033 
EWR IGAISUPL: eee eee eb LS 1049 
PASI 680 20 an ore REIN .: 1090 
MEN hand er swat vice cower oe URS, 1109 
mamimaura, Hidenobu .........0.600 0.0 0s 1038 
UMAGA ois torres SOULE DP I 1157 
0 EL, ee er eae Pee 1187 
Tsukahara, Masatoshi ...................... 1128 
Rounamara, Masatoshi ........6.056000l. 6 os 1157 
SRE, ASUS 2. eer d eve. SUM, 1033, 1035 
REAM ooo care «AWE! AY 1049 
os a 2 ee 1157, 1200 
OSE cc) a rer Fae ae ee 1159 
MENREL) SCMOAD «2 hori ee ty vie ete eesh «ba 1189 
IO ec ct eevee doe doe oe SOORS 1124, 1143 
Ey MASIEREVORIN 650 die os OA GA. IVA, 1184 
U 
ECM Dc cs fe adie 7 eee iek otek 1177 
EA | RAMI | or pce ci eae Fe AO o bl, 1091 
AMEN , DOIEAD: ore wie xtacte o VGH Vets. ows 1052 
TA TONE aed dcacanddews Meee Cbd test" 1102 
EE VSUMRRSL  IVRITNONU a oo cede dace ve OUEN see et e's 1165 
EM OMNES Sandy twee x see oe WAN CPEB ES 2 OVA 1050 


l 


Ueda, Hiroshi 
Ueda, Hiroko 
Ueda, Takayuki 
Ueda, Yoshihiro 


RSME ASU OGRE Si ncsictaguivcore tebilind dy. SAUER 
Ueki, Tatsuya 
Uemura, Haruko 
Uemura, Isao 
Uemura, Masaru 
Ueshima, Rei 
Ueta, Nobuo 
Uezu, Tatsuya 
Ukawa, Ken-ichi 
Umebachi, Yoshishige 
Urano, Akihisa 
Urase, Koko 
Ushijima, Miyuki 
Ushiyama, Akira 
Ushiki, Itaru 

Ushi, Masashi 
Ushi, Kazuya 
Ushi, Noriko 

Utugi, Kazuo 
Uwa, Hiroshi 
Uyama, Taro 


RPRKBH OMe UAC Bees CHES) Vieye. 6 «es 601s He ew 6 BLES 
Ria uyereretedius eae) et 
SFU G1 ee e- SUK O18 NS, @.6 1s UN 8 eb Su 6) 6) e,8 one 


Selb ID SC ee es a eho oe te We 


Si et wlanul sens) @) ate ev) esehuleyerelG tre) ese erect -8.s eee 
Sele were ee sb ie wee Cee ee) 6B ee #8 8s 6,5 a 
N)Ou0 6%) 01108 6) exe. W He, Bin ese) © Sle me) Bee le 
S006: © © Ue 6 Bele 6 ve be. tee 
Sleretel erui wh el efey eral she re 
OMe) e). 6s) eh:0) WP) ete) eo Brune) e) Se etele (6) Oe Uieih er ul s 6 
eo) 0) a) oF Oh eh ol Oy Oia) Cee wl aubeels (eh bie fe. e vo Sim 
wu) @) este) el bie) ele" eB. ele ererel ele 85's exelw ee 
Ul ey.6}'e% bi uP bie) el.o! bY bie) Snyt bs) OF eee 6:6 ene Te) es es). be 
Sie) © 6) &).0) a) OF & 6) 6).6) wl a) Ss) 6) US ehh) 6) 8) Olle! es es 8 felare 
| 
Cie OTVLe Ole. 6 SLC ML SLC eee eens Vers 6, 6 6 bb bs 68) eS 
wet Ole ew) ae) ee Wl ee) wer eye) BS Ube 65S tahoe aw OF 6 
or ele Oho) ee 2) Uete 6hene) eis 6 See) ee.) 9 6 av v6 


ewe ee) of 6) ee) 8. el.0) 8 Sie OTe & e's 6. e008 Cb wees 


ARSE UVa eA ac se ache oes w NRT tv ACEH 


Wada, Hiroshi 

Wada, Masaru 

Wada, Naoyuki 
Wada, Shigeo 
Wakabayashi, Katsumi 
Wakahara, Masami 
Wakana, Shigeharu 
Washio, Hiroshi 
Wasserusug, Richard J. .....:20/i00%s 020s. 
Watanabe, Akihiko 
Watanabe, Hiroshi 

Watanabe, liko 
Watanabe, 
Watanabe, 
Watanabe, 


SW Ow Ce wie et Ce VTE eee we WW Oe eral se 


Sra Wi UNSW) 6 8 6.6 6 Cw. pe © 8.6 oe e 8) eo £8 oe ® 


We a Ole eee) oe wer ee RIS ee Sale. oO Wee 


CR TH Ce 2 Cw te BS 6 1 2h s.6 t 9 ee 6 6 


THR OCU E 6 € & OO. BYE O'S OS 8'r 3 VS OC E OS. UD 


cP Cre we were o ae ees 6 U's oe eo 6 


AR ee A ss eS ok ae a ee ke 


TrROnrse Ce rr ew owe ee We 6 


221 


er 


1070 
, 1189 
1109 
L068 


1100 
1031 
1095 
1181 
1181 
, 1118 
1093 
1198 
1126 
1052 


LOS4 


1194 
1178 
1103 
{4137 
, 1164 
1089 
1193 
104] 
1048 


1102 


. 1194 
“GETS 


110] 


. 1061 


1055 


1222 


Watanabe, 
Watanabe, 
Watanabe, 
Watanabe, 
Watanabe, 
Watanabe, 
Watanabe, 
Watanabe, 


Uhehesevesereverevelere eneerul ereree! el eile 


©) © Bieler ee) ee © © ese ee eee a) 6 © 


Youko 


Cr) Chr Cre iC CMC TiC itr CCC ty 


ee 


Geran C1 eS rn RO a 


Yabusakit Matsui ccnaccccees... Ree 
Yada, Takashi 
Yacame.Hantitak a acc. tee ee 
Yagi, Shizuo 
Yamada, Akira 
Yamada, Atsushi 
Yamada, Kazumi 


ee 
CD 
eee eee eee eo ee we we ew ew we ew we ew 


eee eee eee eee ee 


Yamada, Keiko 
Yamada, Yoshiaki 
Yamagata, Nobuyuki 
Yamagami- INenpitO) sheen 
Yamagishi, Hiroshi 
YamacuchiPMenchitOn. 222 cc camtes heen 
ama ouch, Make Or). sesjersc cases oe eee 
Yamaouchi; Tsuneo... 2h .cou: 
Yamaguchi, Yasunori 
Yamahama, Yumi 
Yamamoto, Daisuke 


Ce 


eese ee eee see ee ee we ew oe 


ose ee ee ee ee ew ee ee ee we 8 
ee] 


Yamadniotobitoakiy:.23oo- eee 
VYamatoto “Aitoakixss.. eee 
Yamamoto, Kazutoshi 


Yamamoto, Kiyotaka 


COO OOU ODOC aD OoOoOaGoOuU oOo 


Yamamoto, Mari 


©. ©, © 6 © «6 @ «0 oe © (© 6).8) © 6).0) 4 \e) © © |e) (se) 0 


Wamamoto, Masainicht, .4.:.)0.0- tee ae 
anmamoto; Nadyuki -.:205%,.2302tee eee 
Yamamoto; )Sada-aki....2)...0-e eee eee 
Yamamoto, Seiji 
Yamamoto, Takashi 
Vianlamotaeal OmOKO - 64/5 .05406 MER Oe 
Yamamoto, Yoshimi 


Yamamoto, Yoshiyuki 


é/\d, 6, 6, © (0) #) @) 6) @ (6) 0) 6 a atone) 6 selie «le eld jee 


@) eo) se) do) 0) ile) o/siiee viele! she 


@) 6) 0) 6/6) 6) v1 a) 0) 616 Be le) 618 10) 016 eee 


1080, 1086, 
1088, 


1187 


1053 
1087 
ZZ 


1068 
1078 


1081 


IIS 


Yamamoto, Yoshizumi...........4605 eee 1101 
YWamanouchitexorehitOriaa eee 1170; daa 
Yamdoka Kuo. «,..i0.5400.0 0 oe 1150, 1162 
Yamasaki, Akiko ................ dge0e eee 1107 
Yamasaki,Hisashi ........... ae 1116 
Yamasaki, Kenji). ........,........00:enenee eee 1146 
Yamashiki, Naoko-................ 6 9:3e eee 17 
Yamashiro, Hideyuki ......... see 1188 
Yamashiro, Shigeko....... 4... sy eee W132 
Yamashita, Kanehiko ......... eee 1191 
Yamashita; Kaoru. ...-.....0..4.e eee 1168 
Yamashita, Kayoko...-.. 4... eee 1175 
Yamiashitay Masakane 225.) eeeeee 1A ell S2 
Yamashita, Natsuko :................qeReeeee 1060 
Yamashita; Satoru ........... eee 1047 
Yamashita, Shigeki ..........---- eee 1032 
Yamiasu Ky) 00:60. 4.0.4 Be eee 1085, 1086 
Yamasu, Terufumi............... 5385p eee 1162 
Yamazaki, Hiroko l................ .. 233Seeae 1144 
Yamazaki, Ken °....0....... ag9- eee 1086 
Yamasaki, Yoshihito ....... eee 1100 
Yamazaki-Yamamoto, Kiyoko ............. 1090 
Yamazato; Kiyoshi ............: 3.55 eeee eee 1188 
Yanagi, Akira «0.500.006 cs< se 1098 
Yanagimachi, Ryozo .......-4.-4epeeeeeee 1093 
Yanai,, Motohiro. ........ 0. ....0...08 see 1179 
ViAO, WA ooops sieiecele ceceasaye neyo eye 1104 
Yashima, Youtch .. .............. a2 eee 1151 
Yashiro; Takayuk1 ....).............¢ eee 1091 
Yasuda, Tomoyoshi' ...-.:.....-.eeee eee 1135 
Yasuda-Kamatani, Yoshimi ................ 1039 
Yasugt, Sadao... 0.500004 « 2 eo Se 1100 
WaSUmMaSsU sIKWO) jose: 1086, 1087, 1119, 1120 
Yasunagas ideaki.)........2)- see WAZ 
Yasutomi, Masumi .............5. 2.52 pee 1156 
Wazaki, PRUKO 0... eseeses so ee 1084 
Yazaki, Kazumort .................,....d¢ eee SZ 
Yazawa Yoichi ........0.5..0. 550.400 1141 
Yokokura, Takakazu_............¢,03pReeeee 1118 
Yokosawa, Hideyoshi .......... 1051, 1110; 
YokotasEtsuo: sk cae.secncn eee 1137, 1138 
Yokoucht,, Yujii23t.c.Sies..cecuc. ee 1103 
Yokota; Yuki0) 62.0.0. eda... 20,0 Se 1071 
Yokoya, Sachikow® .5.5422.0-ceee eee 1080, 1081 
Yoshida; Kazuhiro)... .2:5.3....... 4: 1068 
Woshidas Manabi. 440440000 ee 1089, 1093 
Yoshida; Masao)... c::./:300.. de ee 1030 
Woshida, Masayuki y,5.-4-2.245... eee 1053 


TS ES SS re 1101 
Oe ee eee 1136 
ESS 1165 
Ee PRILARUELOU ER C2. OU Yi. VaR RN OS. tis 1072 
eemeettas Masayoshi 200i... 00. ssc nie 1166 
SEE ee LOS89 
Yoshikuni, Michiyasu ................ 1071, 1111 
ES i 1094 
SE INCIERON CC 12 ls vs wane SPSKEC IU. ok 1070 
Yoshizato, Katsutoshi .... 1077, 1133, 1141, 1157 
EE CEN Se Fk. 5s HS SRALLA. it 1034 


ORISSA WASTING”. vic x ccc cv ce wees odaa ees 1072 
PY CSA TETANY OU EID I ooo iain ei sicv Cleans ewes cc wc bine L111 
MOHEMIUK A, WVIASAVOSIN iiss cece ccs es aves s 1144 
PSMIETIUra ek Hee .RS ae D. weieaiftkn ads 1194 
WONG ZA WAL SOLO SIT ic ile eee we Obs HRS 1140 
CRIN PRL MUERTE: oe x cic Gi wiv he Gin nisin vive vv 1158 
ZL 
PAG RTA ee ek ccs xs Leet, Coed 1139 
PGR EANCESGCA Kiowa: exc ic aE. eee 1084 


1224 


ACKNOWLEDGMENTS 


The editors express their gratitude to the following reviewers, who evaluated papers for 
ZOOLOGICAL SCIENCE Volume 8. Without their assistance the journal could not function. 


Abe, Hiroshi 
Abe, Shin-ich 
Aguri, Noriaki 
Aida, Katsumi 
Akai, Hiromu 
Aoki, Junichi 
Aoki, Kiyoshi 
Aoto, Tomoji 
Asashima, Makoto 
Ashida, Masaaki 


Beppu, Katsura 


Chiba, Akira 
Chiba, Yoshihiko 


Eguchi, Eisuke 
Ehara, Shozo6 


Hara, Tomiyuki 
Hasegawa, Sanae 
Hasegawa, Yoshikazu 
Hattori, Atsuhiko 
Hayashi, Shinji 
Hayashi, Susumu 
Hidaka, Iwao 
Hidaka, Tohoru 
Hiramoto, Yukio 
Hirano, Tetsuya 
Hiruta, Shin-ichi 
Hisada, Mitsuhiko 
Hiwatashi, Koichi 
Honma, Yoshiharu 
Hori, Hiroshi 

Hori, Reiji 

Hoshi, Motonori 
Hoshino, Zen-ichiro 
Hosono, Masamichi 
Hukushi, Tsukasa 


Ide, Hiroyuki 
Iguchi, Taisen 

Imai, Katsutoshi 
Imajima, Minoru 
Imamura Taiji 
Imoh, Hiroshi 
Inoue, Hiroshi 

Ishi, Susumu 
Ishikawa, Katsutoshi 
Ishizaki, Hironori 
Isogawa, Kiyoshi 
Iwasawa, Hisaaki 
Iwata, Katsuya 
Iwatsubo, Yoshikane 


Katagiri, Chiaki 
Katakura, Haruo 
Kato, Yukio 
Kawamura, Kazuo 
Kawamura, Kosuke 
Kawamura, Mieko 
Kawashima, Seiichiro 
Kikuyama, Sakae 
Kimura, Takezi 
Kishida, Yoshikazu 
Kobayashi, Hideshi 
Kobayashi, Makoto 
Kojima, Manabu 
Kondo, Hiroshi 
Konishi, Kazuhiko 
Konishi, Kooichi 
Koshida, Yutaka 
Kubokawa, Kaoru 
Kubota, Shin 
Kurokawa, Haruo 


Mabuchi, Issei 
Machida, Takeo 
Maruyama, Koscak 
Matsui, Masafumi 


Matsumoto, Jiro 
Matsuoka, Norimasa 
Michibata, Hitoshi 
Mita, Masatoshi 
Mori, Takao 
Moriya, Tsuneo 


Nagahama, Yoshitaka 
Nagata, Saburou 
Nakatsuji, Norio 
Nakazawa, Tohru 
Namiki, Hideo 
Nambu, Hisao 
Nishioka, Midori 
Noguchi, Motoko 
Noguchi, Munenori 
Nomaguchi, Takashi 
Noumura, Tetsuo 
Numakunai, Takaharu 
Numata, Osamu 
Nunomura, Noboru 


Obara, Yoshitaka 
Ogasawara, Tsuyoshi 
Ogawa, Mizuho 
Oguro, Chitaru 
Ohnishi, Eiji 
Ohta, Yasuhiko 
Ohtaki, Tetsuya 
Oishi, Tadashi 
Okada, Toyohi 
Okajima, Akira 
Okubo, Ichiro 
Okutani, Takashi 
Ohmori, Kouji 
Oota, Yoshihiko 


Saito, Kazuo 
Sakaizumi, Mitsuru 
Sakurai, Sho 
Sasayama, Yuichi 
Satoh, Noriyuki 
Sato, Motoaki 
Seki, Tatsunori 
Sekiguchi, Koichi 
Seto, Takeshi 
Shirai, Hiroko 
Sibuya, Tatsuaki 


1225 


Simada, Hiraku 
Simizu, Isamu 
Sonobe, Haruyuki 
Suhama, Mikio 
Suzuki, Keiko 
Suzuki, Kunio 
Suzuki, Norio 
Susuki, Noriyo 
Suzuki, Seisho 
Suzuki, Shintaro 


Takahasi, Kyoh-ichi 
Takahashi, Hiroya 
Takahashi, Sumio 
Takahata, Masakazu 
Takasugi, Noboru 
Takata, Kenzo 
Takei, Yoshio 
Takeuchi, Takuji 
Tamura, Hiroshi 
Tanaka, Shigeyasu 
Tazaki, Kenro 
Teshirogi, Wataru 
Toda, Masanori 
Toh, Yoshihiro 
Tomita, Hideo 
Tomiyama, Yoshiya 
Tsukahara, Yasuo 


Uchida, Hiroomi 
Uchiyama, Minoru 
Ueda, Hiroshi 
Uehara, Tsuyoshi 
Ueno, Shun-ichi 
Umebachi, Yoshishige 
Urano, Akihisa 


Wada, Masaru 
Wakabayashi, Shuichi 
Watanabe, G. Yuichi 


Yamagami, Kenjiro 
Yamaguchi, Masaaki 
Yamaguchi, Toshio 
Yamaguchi, Tsuneo 
Yamada, Mayumi 
Yamamoto, Kazutoshi 
Yamanouchi, Korehito 


1226 


Yamasaki, Tsukane Yoneda, Mitsuki 
Yamashita, Shigeki Yoshizaki, Norio 
Yamazaki, Shin Yui, Ryogo 


Yanagi, Akira 
Yoshikuni, Michiyasu Park, Min K. 


ERRATUM 


The title of the article by Irie, T. et al on the contents of vol. 8 No. 5 was incorrectly printed. 

“The retinal and 3-dehydro-retinal in Xenopus laevis eggs by a Schiff base linkage” should be 
otherwise printed as 

“The retinal and 3-dehydroretinal in Xenopus laevis eggs are bound to lipovitellin 1 by a Schiff base 
linkage”. 
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